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THE. SURGICAL TREATMENT: OF CERVICAL SPONDYLOTIC 
MYELOPATHY 


Mobilisation of the Complete Cervical Cord into an Enlarged Canal 
LAMBERT RoGeRs, CarpiFF, WALES 


** We find then that whenever the cerebrospinal fluid has been able to escape. 
into the tissues it has been everywhere walled off by a dense impervious 
membrane . . . its inner surface is smooth and glistening. . .” 


Insulation of the Nervous System ”’—Wilfred Trotter 


The myelopathy which complicates certain cases of cervical spondylosis and is due to the 
protuberance into the spinal canal of a degenerative intervertebral disc or discs is an indication 
for urgent treatment lest irreversible changes be produced in the spinal cord. 

There are problems presented by surgical treatment. It would be logical to remove the 
protuberant disc or discs but, whereas the soft nuclear material which is sometimes extruded 
from a cervical intervertebral disc is as readily removable as it is in the case of a lumbar disc, 
the hard bar or bars so characteristic of cervical spondylosis cannot be removed without - 
placing the cord in jeopardy. Any attempt at their extirpation is so fraught with ‘danger to 
the cord that it is better avoided and an alternative procedure sought. 

An excellent account of the clinical features produced by myelopathy complicating 
cervical spondylosis has been given by Spillane and Lloyd (1952). The cord and its blood 
supply are affected by minor contusions by the hard bars of the intervertebral discs during 
movements of the neck, and repeated injury—as O’Connell (1956) has shown—appears to be 
more important than cord compression. Evidence of this was presented by Bedford, Bosanquet 
and Russell (1952) who commented upon the fixation of the cord that may also be a feature 
in these cases. Compression may play a part, however, particularly if the original dimensions 
of the spinal canal are less than the average (Payne and Spillane 1957). 

For these reasons it appeared that local decompressive operations at the site of the 
hard bar or bars are too limited, and that it would be better to mobilise the cervical cord as a 
whole and enlarge the canal in which it lies. In normal conditions there is only slight antero- 
posterior mobility of the cervical cord (Jirout 1959), and investigation in the cadaver made with 
the help of Dr E. E. Payne confirmed this and the older observations of the Swedish anatomists 
Key and Retzius (1875), and more recently of Kahn (1947), that the dentate ligaments are 
important in restricting its movements. We were astonished to find how mobile the cord 
became, both laterally and to a lesser extent antero-posteriorly when the line of attachment 
of these ligaments to the dura was divided on either side of it. 

In the first patients operated upon I made the mistake of not making the cervical 
laminectomy as complete as possible, and of using fibrin film to close the gap left by the open 
dura mater. At a second operation on one of these patients the film was seen to have adhered 
to the cord, and it was evident that fibrin film would not isolate the cord. Remembering 
Trotter’s (1926) observation of the way in which cerebrospinal fluid produced neural isolation 
I next endeavoured to leave the mobilised cord free in a pool of cerebrospinal fluid by allowing 
the fluid to seep through open dura and accumulate around the cord and by using gravity to 
keep it there. 
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Fic. 1 


Complete cervical laminectomy. Exposure 
of dura mater. 


Fic. 2 Fic. 3 


The dura has been opened longitudinally and the slips of the dentate ligaments are being divided at 
their attachments to the dura mater on either side of the cord. . 
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THE SURGICAL TREATMENT OF CERVICAL SPONDYLOTIC MYELOPATHY 5 


THE OPERATION 


With the patient prone and the head flexed an incision is made from the under surface 
of the occiput to the spinous process of the second thoracic vertebra. The spines and laminae 
of all the cervical vertebrae and the first thoracic vertebra are removed, the dura is opened 
longitudinally, its edges are retracted and the slips of the dentate ligament which lie on either 

| side of the cord are divided (Figs. | to 3). One or more hard bars are found lying in front of 
= the cord, causing it to be arched backwards. After haemostasis has been secured, the dura is 
left unsutured throughout and the muscle masses are approximated with interrupted catgut 
sutures at a little distance from it so.as to create a spacioys canal in which the mobilised cord 
can lie. To keep this canal full of cerebrospinal fluid, the patient is tilted head downwards as 
soon as the remainder of the suturing of the wound is completed; he is transported back to 
the ward in this position and nursed in it for from three to five days, lumbar punctures being 
performed daily to ensure a free circulation of the fluid: 


Fic. 4 


Man aged fifty, thirty-six days after complete cervical laminectomy for myelopathy complicating cervical 
spondylosis (see lower right hand panel) to show how the laminectomy in no way limits movements of the neck. 
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SELECTION OF PATIENTS FOR OPERATION 


_ The indications for operation are signs of cord involvement, however slight, occurring in 
cases of cervical spondylosis. It is.at this stage that measures should be taken to protect 


_ the cord from further injury and prevent the development of irreversible lesions. 


RESULTS 


I have performed thirty-seven operations on thirty-three patients varying in age from 


thirty-eight to seventy-two; twenty-four were men and nine women. There has not been a 
death, and, although it is only six years since the first of the series was operated upon and it 
must be remembered that we are dealing with a degenerative condition, the results have been 
encouraging and in some most gratifying. This is particularly so in the more recent cases in 
which the operation has been more complete and has been modified as described. In one 
advanced case early in the series three operations were performed; improvement followed 
the first operation but further deterioration occurred and this was not improved by the 
subsequent operation. It was this case which illustrated the failure of fibrin film to isolate 
the cord. In no case has there been any weakness of the cervical spine or disability from the 
complete laminectomy. If care is taken not to damage the post-vertebral muscles by too 
heavy retraction, there is no disability after the complete laminectomy and it is not long 
after operation that movements are fully restored (Fig. 4). 


CONCLUSION \ 


Although cervical spondylosis is a degenerative condition with a tendency to be progressive 
as age advances. and in.only a comparatively few of the subjects of it is the spinal cord affected, 
there is no need for the changes in the cord to be progressive since they can be arrested by 
appropriate treatment. The appearance of cord symptoms is an indication for mobilising 
the complete cervical cord into an enlarged spinal canal, to relieve it from repeated insults 
by the “‘ hard bars ” of the degenerative intervertebral discs to which it is otherwise subjected 
when movements of the cervical spine take place. 


SUMMARY 


An operation is described for .mobilising the whole extent of the cervical part of the 
spinal cord into an enlarged spinal canal in cases of spondylosis with myelopathy. The 
procedure is indicated to relieve symptoms and arrest their progress, and it has proved effective 
in practice. 


I am much indebted to Dr E. E. Payne for his help in the study of anatomical specimens. 
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PREVENTION OF THROMBO-EMBOLIC COMPLICATIONS 
IN ORTHOPAEDIC AND ACCIDENT SURGERY 


Thrombo-embolic complications are responsible for one of the greatest dangers in 
orthopaedic and accident surgery. Not only is there the risk to life; there is also a liability 
to phlebitic sequelae that jeopardise a treatment whose main purpose is the improvement of 


function. 


Since 1949 we have tried to define the groups of patients most susceptible to venous 
thrombosis and we have devised a system of evaluation applicable to all patients admitted to the 
orthopaedic services at the Hépital Cochin. 

The prevention of thrombotic accidents has created many diagnostic and administrative 
problems. These will be discussed according to: 1) diagnosis, 2) frequency and predisposing 
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factors, 3) prevention, and 4) results. 


when it occurs in a limb’ that has been operated upon. The significant features are pain and 
pyrexia. Oedema is difficult to interpret in the neighbourhood of a limb that has been operated 
upon, and examination may be further hampered by the presence of a plaster. In consequence 
diagnosis may be too late. There is a high incidence of thoracic accidénts as the first symptom 
(30 per cent of all pulmonary emboli), and sequelae are common on account of delay in 


DIAGNOSIS 
In orthopaedic practice the early signs of thrombosis are often difficult to detect, especially 


starting treatment or omitting it altogether. 


These diagnostic difficulties form the basic argument in favour of applying preventive 
treatment systematically. Nevertheless we emphasise that these possible errors tend to diminish 
the total number of thromboses diagnosed. In the statistics only patients with definite signs 
of thrombosis in the lower extremities and those who sustained pulmonary emboli are included. 
Patients with a late onset of oedema, even though a thrombotic origin was probable, have 


not been counted. 


We have been impressed by the frequency and the distribution of acute thrombo- 


FREQUENCY 


From the Clinique Orthopédique et Réparatrice de |’ Hépital Cochin, Paris 


embolic complications. During the first period of this study (1949-51) no systematic preventive 


treatment was tried in the orthopaedic department of the Hdépital Cochin, except for some 


TABLE | 
FREQUENCY OF THROMBO-EMBOLIC COMPLICATIONS IN THE ORTHOPAEDIC CLINIC OF HOpITAL COCHIN (1949-1951) 


Thrombo-embolic 
— — complications Pulmonary embolism Fatal pulmonary embolism 
Per 100 Per 100 Per 100 Per 100 
Si Number admissions operations Number admissions operations Number admissions operations| 
2,470 2,220 73 2:8 3-2 37 1-4 1-6 3 0-12 0-13 


femoral vein ligations, the:results of which will be reported later. 
thrombo-embolic complications after 2,200 operations (3-2 per cent) and thirty-seven pulmonary 


There were seventy-three 


emboli (1-6 per cent); three patients died (0-13 per cent) (Table I). The incidence of the 
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thrombo-embolic complications in orthopaedics appears to be higher than in general surgery, 
where it is estimated to be between | and 2 per cent. ; 

The distribution of these thromboses according’to the site of operation showed that they 
occur only exceptionally after operations upon, or injuries to, the upper extremity. In contrast, 
the incidence was 4-5 per cent after spinal surgery, and 15 per cent after operations on the 
hip (Table II). 

TABLE Il 
FREQUENCY OF THROMBO-EMBOLIC COMPLICATIONS RELATED TO SITE OF OPERATION 


Site of operation Number of operations 
389 (15 per cent) 
Spine. 158 7 (4-4 per cent) 

Other areas . ‘ 1,679 5 (0-3 per cent) 


THROMBO-EMBOLIC COMPLICATIONS AFTER HIP SURGERY 
Between 1949 and 1951 389 hip operations were performed which were followed by 
fifty-nine thrombo-embolic complications (15 per cent). There were thirty-seven pulmonary 
emboli (9-6 per cent), of which three were fatal (0-78 per cent). This high frequency of 
thrombo-embolic complications. after hip operations caused ‘us to analyse the responsible 
clinical and operative factors. Our conclusions have been published (Merle d’Aubigné, 
Tubiana and Duparc 1955) (Table III). 


TABLE Ill 
THROMBO-EMBOLIC COMPLICATIONS AFTER OPERATIONS UPON THE HIP 
Operations . ‘ 389 
Thrombo-embolic complications. 59 (15 per cent) 
Pulmonary emboli ; 37 (9-6 per cent) 
Lethal pulmonary emboli . ‘ : 3 (0-78 per cent) x 


The causative factors may be divided into: 1) somatic, inherent in the patient; and 
2) surgical, related to the type of operation. ; 
Somatic factors are well known and our statistics confirm the role played by sex, obesity and 
cardiovascular complications. Disorders of the’ venous circulation such as varicose veins, 
and a history of previous thromboses are important. A patient who has already suffered a 
vascular thrombosis is more likely to have a new one. The importance of age must also be 


; emphasised. Table IV shows clearly the influence of age on the incidence of thrombo-embolic 


complications in major hip operations: in thirteen cases of arthrodesis for osteoarthritis 
performed on patients under forty years of age no thrombo-embolic complication was observed, 
whereas, out of forty patients over forty years who underwent arthrodesis, twelve had 
this complication (32 per cent) (Table V). 

Factors related to the operation—Major operations carry the greatest risk. The part ascribable 
to the nature of the disease is less obvious. In the surgical treatment of osteoarthritis we have 
observed 20 per cent of thrombo-embolic complications after arthroplasty, and 32 per cent 


~ of thrombo-embolic complications after arthrodesis. The same operations performed for 


congenital dislocation or subluxation of the hip joint have been followed by thrombo-embolic 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 


: PREVENTION OF THROMBO-EMBOLIC COMPLICATIONS IN ORTHOPAEDIC AND ACCIDENT SURGERY 9 


complications in only 5 per cent of patients; but in general these operations were performed 
on younger patients. , 

The occurrence of other complications after operation also plays an important part. 
The percentage of thrombo-embolic complications varies from 7:5 per cent for operations 
with an uneventful course after operation, to 28 per cent for operations followed by aseptic 


| TABLE IV 
THROMBO-EMBOLIC COMPLICATIONS AFTER MAJOR OPERATIONS UPON THE HIP 
RELATED TO AGE OF PATIENT 


Age Operations Thrombo-embolic complications 
| (years) (arthroplasty and : 
arthrodesis) Number Per cent 
4 21-30 36 2 5-5 
4 3 9 
41-50 52 13 25 
51-60 69 16 23 
61-70 57 » 28 
TABLE V 
THROMBO-EMBOLIC COMPLICATIONS AFTER ARTHROPLASTY AND ARTHRODESIS 
OF THE Hip 
Thrombo-embol 
Netare of ic complications 
operation Number + 
Number Per cent 
Arthroplasty Mts 240 40 16°6 
Arthrodesis 53 12 22°6 
293 52 
TABLE VI 
THROMBO-EMBOLIC COMPLICATIONS AFTER Hip OPERATIONS RELATED TO TYPE OF POST-OPERATIVE COURSE 
of Thrombo-embolic complications 
as Number Per cent 
Uneventful post-operative course. 281 21 75 
Post-operative complications other than sepsis 86 ar : 28 
Septic complications. 19 12 63 
386 57 


complications such as haematoma, shock, urinary retention and ileus, and 63 per cent after 
operations for septic conditions or operations complicated by infection (Table VI). 

How can we explain such a high proportion of thrombo-embolic complications in hip 
surgery? It is hard to believe that the site alone is responsible, although exposure of the hip 
entails muscular trauma in the region of the femoral vessels and hip surgery is often followed 
by prolonged immobilisation. In certain cases of osteoarthritis of the hip or pseudarthrosis 
of the neck of the femur there may be some pre-existing alteration in the venous channels. 
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In fact, most of the major operations were performed on elderly patients suffering from 
osteoarthritis or from the sequelae of a fracture of the hip. This association of major surgery 
with aged patients seems to be responsible for the high incidence. 


\ 
THROMBO-EMBOLIC COMPLICATIONS AFTER INJURIES OF THE LOWER LIMB 


The more proximal the injury the more frequent are the thrombo-embolic accidents 
(Table VII). The important predisposing factors are: multiple injuries, repeated operations 


TABLE VII 
FREQUENCY OF THROMBO-EMBOLIC COMPLICATIONS AFTER LOWER LIMB INJURIES 
Incidence of 
Nature of injury or sequel thrombo-embolic complications 
(per cent) 

Fracture of femoral neck after nailing . 8 

Pseudarthrosis of femoral neck. ; 20 

Recent fracture of femoral shaft 6 * 

Recent fractures of leg: closed : : 2 

open 


or orthopaedic manipulations, traumatic or operative exposures of the fracture site, certain 
techniques such as intramedullary nailing, and prolonged immobilisation before or after 
operation. 


PROPHYLACTIC TREATMENT 


The study of these predisposing factors indicates the patients who are likely to develop 

venous complications. Based on the above,data, a prophylactic regime has been elaborated 
in which the patients most liable to thrombo-embolic complications are selected and given 
anticoagulant drugs routinely after operation. 
Selection—Anticoagulant treatment with laboratory control is costly. Patients must therefore 
be selected. Laboratory tests intended to detect the threat of thrombosis have proved 
disappointing (Lassner 1955). Clinical assessment is the only reliable method of choosing 
patients for treatment. 

Basing our calculations on a “ points ” system devised by Farmer and Smithwiek (1950) 
for use in general surgery, we have listed the etiological factors observed in our previously 
analysed results, and each hag been represented by numbers of varying importance. It was 
decided arbitrarily that any. patient who, at some phase of his period in hospital, scored 
nine points or over, should receive preventive treatment. 


This mode. of selection has been adjusted three times (1951, 1953, 1959). At first, the 


selection was limited to hip surgery which, as we know, is the most liable to be followed by 
thrombotic complications. Later, encouraged by the results, we have changed our criteria, 
so that a greater number of patients might be benefited. The system at present in use is as 
shown in Table VIII. 

Some explanation is necessary. In multiple injuries the figures applying to each region 
should be added together; this is also true of patients with multiple operation sites. To 
simplify matters, we have avoided distinctions based on the nature of the disease and on the 
various types of operation, because these considerations are already covered by the site of 
operation, the immobilisation and other operative and post-operative factors. The aseptic 
complications have not been quoted separately because their customary result is that partial 
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immobilisation is changed into total immobilisation. By “ total immobilisation’ is meant 
the impossibility for a bed patient to move the lower limbs—for example, when one leg is in 
a plaster. “ Partial immobilisation ” refers to a patient remaining in bed, but able to move 
all limb segments, or walking with the aid of an apparatus devised to immobilise only one 
main joint of a lower limb. By “ repeated interventions” is understood the repetition of 
surgical or closed procedures (for instance, the re-manipulation of a fracture) at short intervals. 
The reason for this is that each intervention provokes clotting disorders; the actual duration 
of these disorders has not been proved but we have arbitrarily estimated it at two months. 


TABLE VIII 
ASSESSMENT OF THE THROMBO-EMBOLIC RISK AFTER OPERATIONS UPON THE LIMBS AND SPINE 
Points system now in use. If the total is 9 or over preventive treatment is begun. . 


Factors considered before prophylactic anticoagulant treatment is given Points given 


INDIVIDUAL FACTORS 


Age (between thirty and — 
Age (above forty) : 

Past history of thrombosis 
Varicose veins ; 
Obesity 

immobilisation 


FACTORS RELATED TO INJURY OR OPERATION 


Site of lesions * 
Pelvis or hip 
Lower limbs 
Spine 
Other sites . 
Traumatic or operative ‘shock > 
Opening of the fracture site (traumatic or operative) 
Opening of a septic area or 
Partial immobilisation . 
Complete immobilisation 
Repeated operations or manipulations 


* In case of multiple injuries or multiple operative sites, these figures should be increased 
accordingly. 


This method of selection is not restrictive: thus, in the appreciation of the individual 
factors, the most important of which are expressed by numbers, account is taken of such 
influences as decompensated cardiac conditions and anaemia. This analysis does not exclude 
from careful observation all those patients who do not receive preventive treatment. The 
appearance of any sign of thrombosis calls for the immediate application of anticoagulants. 


METHODS AVAILABLE 
Some of the preventive measures are only part of any well conducted surgical treatment. 
Thus, during anaesthesia care must be taken to avoid depressing the peripheral circulation. 
Significant blood loss should be replaced by transfusion, it being remembered that in certain 
types of fracture, such as closed fractures of the femur, it may be considerable. A gentle 
surgical technique and careful haemostasis are important. The need to combat circulatory 
stasis cannot be over-emphasised. It is essential to insist on early mobilisation and muscular 
exercises even while the patient is still in a plaster. However, these measures alone are 
insufficient to prevent thrombosis in many patients who are elderly, in poor general health, or 
immobilised in splints or plaster. 
Prophylactic vein ligatures have proved to be unreliable and have been abandoned. . We have 
observed five recurrences of pulmonary embolism and six cases of serious trophic disorders 
after nineteen vein ligatures. 
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Anticoagulant treatment is the treatment of choice and will be considered in detail. We have 
used dicoumarine derivatives such as Tromexan (dicoumarol ethyl acetate) and, more rarely, 
Pendione (phenyl indanedione) which lend themselves better than heparin to prolonged 


treatment. 
GENERAL PRINCIPLES OF PREVENTIVE TREATMENT 


Two points must be emphasised. 1) Preventive treatment should be conducted with the 
Same care as curative treatment. The purpose is the same, namely, the establishment of 
consistent hypocoagulability. It is dangerous to administer too small doses in the pretence 
that these are preventive measures. 2) Regular laboratory control is needed to permit 
appropriate dosage and to eliminate the risk of thrombosis if insufficient quantities are given 
or the risk of haemorrhage if the doses are excessive. 

We have made use, conjointly, of the prothrombin value and an in vitro heparin tolerance 
test. In combination these two tests allow the effect of treatment to be assessed and the 
dosage to be controlled; neither alone is sufficient. 

The prothrombin value* assesses the combined deficit of prothrombin and proconvertin due 
to the action of the drug, but does not indicate precisely the total hypocoagulability with 
any certainty. as 

The heparin tolerance testt is a delayed coagulation time, sensitised by the addition of a certain 
quantity of heparin. It gives a precise estimate of the action of the drug on the coagulability 
of the blood, It is of importance to know whether hypocoagulability is obtained with 30 per 
cent or with 5 per cent of prothrombin. In the latter case any reduction of prothrombin 
can, in fact, provoke a sudden and dangerous hypocoagulability. In these circumstances, it 
is advisable to discontinue dicoumarol, at least temporarily, and to replace it by heparin. 
In practice our aim has been to achieve by treatment an effective prothrombin value which 
will give a coagulation time of fifteen to twenty minutes in a tube containing one unit of heparin, 
compared with a time of ten minutes in the control tube. This value may be 40 per cent in one 
subject and 10 per cent in another. The comparison of the prothrombin value and the heparin 
tolerance test explains certain failures of anticoagulants, and some haemorrhagic accidents 
unpredictable by Quick’s method alone. 


MANAGEMENT OF ANTICOAGULANT TREATMENT 
Timing—After operation or injury, anticoagulant treatment, if indicated, is usually started 
on the morning of the third day. Persistent bleeding from the wound, or any other sign of 
faulty haemostasis, is a temporary contra-indication. 

Since the drug takes effect only after thirty-six hours, starting the treatment on the third 
day after operation leaves the patient four and a half days without protection. In our 
experience most pulmonary emboli did not appear until after the fifth day. The few grave 
pulmonary embolic complications, two of them fatal, which occurred during the first five days 
could not have been prevented by this anticoagulant therapy. These early cases indicate 
the presence of pre-existing thrombosis, or its occurrence during operation. ~ 

This problem of the unprotected period is particularly acute in injured patients who may 
have to undergo surgery a few days after an accident. In such patients the delay totals the 
period before and after operation, adding up, for example, to nine and a half days for a 
fracture of the femur operated upon five days after the accident. 

When the risk of thrombo-embolism is thought to be great and the operation is delayed 
it is wise to give heparin early before operation, because it takes effect and is eliminated in a few 


* Prothrombin time and prothrombin value. The prothrombin time (Quick 1951) is the time of coagulation of 
oxalated plasma in the presence of an excess of thromboplastin and of-optimum calcium. ° It estimates the 
. combined deficiency of prothrombin and proconvertin. In comparison with a control it gives a time convertible 
by means of a curve into the prothrombin value. 

+ Heparin tolerance test in vitro.’ (Technique derived from that of Waugh and Ruddick 1944.) A measure of 
the coagulation time of plasma (Soulier and.Larrieu 1953) or of whole blood (Lassner 1955) recalcified in the 
presence of increasing quantities of heparin, compared with normal plasma or blood. 
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hours and is thus safer than dicoumarol if an operation is contemplated. We now use heparin 
before, and for.a short time after, operation, in every patient who scores twelve points or 
more in our assessment. 

Dosage—We begin with a loading dose, to reduce the prothrombin complex to an effective 
level, as confirmed by the heparin tolerance test. The subsequent doses are governed by the 
results of the laboratory tests. For a fit adult the initial doses are usually 900 milligrams 
(three tablets) of Tromexan on the first day and 600 milligrams (two tablets) on the second 
day. Smaller doses are given to elderly patients, especially those with impaired liver or kidney 
function, and to those who show a slight spontaneous hypocoagulability. Such patients 
receive only 450 or 300 milligrams during the first two days. The total daily intake should be 
divided into three or four doses. 

The laboratory tests (heparin tolerance test and Quick’s prothrombin time) are done 
thirty-six or forty-eight hours after beginning treatment and the dosage is varied according 
to the patient’s reaction and his tendency to hypocoagulability. The tests are repeated twice 
weekly for the first two weeks and once a week thereafter. If the results are not satisfactory 
the frequency of the laboratory tests is increased, especially if the dosage is changed. 
Difficulties—The desired coagulability is more easily obtained in some patients than in others. 
It is not exceptional to find a tendency to hypercoagulability in spite of a decrease of prothrombin 
value. In such patients, when the prothrombin value is below 10 per cent, it is wise to use 
heparin for two to three days and then to resume the dicoumarol treatment. 

In some patients we have found it impossible to bring the prothrombin complex below 
50 per cent, even with doses of 600 to 900 milligrams of Tromexat. Such “ refractory states ” 
are seldom seen at the beginning of the treatment; usually they are found at a later stage in 
young patients subjected to prolonged treatment. A decrease of the prothrombin value may 
sometimes be obtained by changing Tromexan for Pendione or another drug. 

Duration of treatment—This cannot be stated precisely. The essential factor remains the 
return to activity on the part.of the patient. 

At the beginning of our study, when we were’concerned only with protection during the 
most dangerous period after operation, the preventive treatment was of too short duration. 
Some late thromboses occurred during convale$cence or after the patient had returned home. 

In recent years we have tried to continue the treatment until the patient could walk 
long distances. 

Cessation of treatment—The safest method is to reduce the daily dose by a quarter of a tablet 
each week. If itis necessary to operate upon a patient under treatment one must either 
administer Vitamin K,, which brings the clotting time back to normal within a few hours, 
or discontinue the drug, which means waiting three days before the operation can be performed. 
Only the strict observance of all these precautions will make anticoagulant treatment harmless. 
Thus, we have recorded few haemorrhages, less than 2 per cent in a total of 5,000 preventive 
treatments, consisting of slight haematuria which subsided after the withdrawal of the drug. 
Occasionally wound haematomata occurred with more serious consequences. At no time has 
grave haemorrhage endangered life. ’ 

RESULTS 

The vee of anticoagulant treatment— During the first period, from 1951 to 1953, 121 patients 
received preventive treatment out of 507 who underwent hip operations. In spite of this, 
nine thrombo-embolic complications (7 per cent) were recorded. During the same period, 
after the 386 hip operations not followed by preventive treatment, forty-nine thrombo-embolic 
complications (12 per cent) were observed; three of these were fatal (Fig. | and Table IX). 

In the second period, between 1953 and 1955, 194 patients were treated out of 359 who 
underwent hip operations, with three thrombo-embolic complications (1-5 per cent). During 
the same period, in 165 operations not followed by preventive anticoagulant treatment, 
thirteen thrombo-embolic complications (7-8 per cent) were noted (Fig. 1). 
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The marked reduction in the number of thrombo-embolic complications in patients 
receiving anticoagulants, from one series to the next (7 per cent to 1-5 per cent), was related 
to a better control of dosage, and to the prolongation of treatment until the patients were 

- ambulant (Table IX). 


389 

OPERATIONS: 386 

NO PREVENTIVE OPERATIONS: | | 

TREATMENT NO PREVENTIVE 

“TREATMENT 

VHROMBO - 
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COMPLICATIONS 
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OPERATIONS: [65 
PREVENTIVE OPERATIONS: 
TREATMENT NO 


PREVENTIVE 
TREATMENT 
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49 
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YY Yj WA Yy Yy 
1949-5! 1951-53 1953-55 
Fic. | 
Results of preventive anticoagulant treatment after operations ” :- 
upon the hip. ; 
TABLE IX 


RESULTS OF PREVENTIVE ANTICOAGULANT TREATMENT AFTER OPERATIONS UPON THE HIP. | | 


Nember of Thrombo-embolic complications 


operations Number Per cent "Number fatal 


1949-5] No preventive 


7 treatment | 165 | 13 78 — 


Value of the selection—Our method of selection based on a points system has been improved. 
The analysis of the first results, made in 1953, showed that not enough patients were given 
anticoagulant therapy after hip surgery (24 per cent); by adjusting our indications, preventive 
treatment has since been applied to over half the patients undergoing hip surgery (54 per cent). 
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Between 1953 and 1955 194 patients out of 359 received preventive treatment. Sixteen 
thrombo-embolic complications were recorded; in other words the thrombo-embolic com- 
plication rate fell from 15 per cent (without anticoagulant preventive treatment) to 4-5 per cent. 

A review of the operations most liable to promote thromboses shows that this method of 
prevention greatly reduces the number of thrombo-embolic accidents. Thus, in the hip, the 
incidence of thrombo-embolic complications after arthrodesis has fallen from 23-3 per cent to 


_ 5 per cent; after arthroplasty from 16-6 per cent to 6-5 per cent, and after nailing of fractures 


of the femoral neck from 8 per cent to 3 per cent. 

The continued application of this method has confirmed its value. The rare acute 
thrombotic accidents complicating hip surgery since 1955 were allowed either by a faulty 
application of the method or by an inadequate amount or duration of treatment. Lack of 
protection in the initial stage, before the treatment has had time to become effective, is a 
weakness; but fortunately pulmonary embolism seldom occurs during the first days after 
orthopaedic operations. 

Though still imperfect, this method has proved itself useful. Without offering a complete 
guarantee it has considerably reduced the risks of pulmonary embolism in orthopaedic surgery. 

In this orthopaedic centre the death rate from pulmonary embolism, which between 
1949 and 1951, before the application of this method, was 0-13 per cent (three fatal cases 
after 2,200 operations) has fallen to 0-05 per cent between 1953 and 1959 (four fatal cases 
after 6,751 operations). These figures can be improved by better control of the anticoagulant 
treatment and better selection of patients. It must be noted that none of the four patients 
who died had preventive anticoagulant treatment; three of them would have had it with the 
current method of selection. A later study will permit us to assess the results more precisely. 


SUMMARY AND CONCLUSIONS 


!. The gravity of thrombo-embolic complications in orthopaedic and accident surgery has 
stimulated us, since 1951, to devise a means of prevention which comprises: a) the use of 
anticoagulants, the mode of administration of which has been determined by an experience of 
over 5,000 cases; and 5) a method of selecting those patients most threatened by thrombo- 
embolism. 

2. Although there could be no absolute guarantee of protection, these measures offered a 
considerable reduction in the risk of thrombotic complications. 


It is a pleasure to thank the Director of the Service, Professor R. Merle d’Aubigné, for his constant encouragement 
and advice, Professor Agrégé J. Cauchoix for permission to analyse the records of the patients in his service of 
traumatology (H6pital Saint-Louis), Dr J. P. Soulier and Dr J. Lassner for their invaluable help in the biochemical 


part of this work. 
We should also like to thank Mr R. H. C. Robins for help with the translation. 
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FRACTURE OF THE NECK OF FEMUR IN CHILDHOOD 
A. *‘McDOUGALL, GLASGOW, SCOTLAND 


Fracture of the neck of femur in childhood is uncommon, and few surgeons have the 
opportunity of treating more than one or two patients in the course of their careers. Reports 
in the literature are scanty, and text-books on fractures devote little space to the subject, 
classifying it with similar fractures in the adult, usually with the brief statement that although 
fracture of the femoral neck occurs at all ages it is most common in the later decades. Perhaps 
it is for these reasons that the serious complications that may ensue are not well known. 

The incidence of the injury in children is difficult to determine. Allende and Lezama 
(1951) found two such fractures among a total of 602 femoral neck fractures treated. 

Bland-Sutton(1918) recalled that in all his sur- 
gical practice he had seen only one such case, 
.in a boy of twelve: no mention was made of 
the outcome. In one of the earliest references 
to the subject, Russell (1898) demonstrated 
two femoral neck fractures in children and 


suggested that the apparent Gis of the 


injury was due to its being mistaken for 
disease of the hip joint. That th&incidence 
is low is shown by the experience of other 
authors: Wilson (1940) reported ten cases in 
as many years; Carrell and Carrell (1941) 
described eleven cases but did not mention 
any specific period; Ingram and Bachynski 
(1953) found records of twenty-four at the 
Campbell Clinic in twenty-five years. 
However, Russell’s suggestion that the — 
fracture could be confused with tuberculosis 
of the hip joint is supported by the following 
observations. In the past five years two 
adults were seen who believed that they had 
suffered from disease of the hip joint in 
childhood, but who undoubtedly had sus- 
tained fractures of the femoral neck which 
Radiograph of right hip of a man of sixty who had had not been recognised. The conclusion 
fractured the neck of the femur when aged nine. The _ that fractures of the femoral neck had been 


fracture was untreated. Patient has marked instability, ~ : 
. shortening and adduction. Note the femoral head in sustained was reached only : after a. long 
the acetabulum, the upward shift of the shaft, the | study of many instances of this injury. 


remains of the ar and the attempt by the shaft to The first, a man of sixty, complained 
uttress the head. 

of pain and swelling in the right knee. The 
joint was severely affected by degenerative changes secondary to gross shortening of the right 
lower limb and to severe valgus deformity of the knee. The shortening was at the hip and was 
caused by.an old fracture of the neck of the-femur (Fig. 1). He stated that when he was about 
nine he had fallen from a wall and injured his right hip. He was put to bed and after several | 
weeks was allowed up. Later, he developed a limp and shortening of the lower. limb, but 
because he was able to run without much disability further investigation was not undertaken. 


Fic. 1 
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Disease of the hip joint was mentioned several times in his hearing and he had accepted this: 
condition as the cause of his disability. The proof that this was indeed an old fracture of the 
femoral neck was provided some time later. A girl aged nine years undergoing treatment for 


Fic. 2 Fic. 3 


Figure 2—Radiograph of right hip of a girl of eight after her recovery from tetanus. There is 
a fracture of the neck of the femur with displacement. Figure 3—Condition four years later, 
after osteotomy had failed to stabilise the fracture. 


a tuberculous knee joint had the limb immobilised in plaster for several months. From a 
pressure sore under the plaster she developed severe tetanus but recovered after a very stormy 
illness during which she had repeated severe spasms. When Mr Kenneth Guest (to whom I 
am indebted for permission to publish this report) saw 
her he noted that her right leg was short. A radio- 
graph showed a fracture of the femoral neck (Fig. 2). 
There was absorption of the neck and displacement of 
the head. An osteotomy was performed, but because 
of the difficulty in controlling the child—a girl of low 
intelligence—there was progressive shortening. A 
radiograph taken four years later (Fig. 3) showed 
appearances very similar to those of Figure 1. 

The second patient, a man of forty-seven, came 
for fitting of a surgical boot to correct three inches of 
shortening of the left lower limb. The shortening was 
in the region of the hip joint, which had retained full 
flexion, but was limited in abduction and rotation. At 
the age of seven he had been knocked down by a motor 
car and sustained head injuries; he was taken home 
unconscious and remained so for several days. His 
recovery was slow and some time elapsed before — Fic. 4 
he was able to walk, but when he did it was noticed Radiograph of left hip joint of a man of 

P : forty-seven who had sustained a fracture 
that he had a limp. Gradually the lower limb became _ of the femoral neck at the age of seven. 
shorter, but as he was not handicapped to any extent The fracture had been treated only by 
no further investigation was made and he accepted re 
his deformed hip. The radiograph (Fig. 4) showed an old fracture of’the neck of femur 
with coxa vara accounting for the shortening. 

Fracture of the neck of the femur in childhood is a rare injury; it behaves differently from 
that in the adult. It frequently causes a permanent disability; avascular necrosis, non-union, 
malunion and disturbances of growth are quite common. This is contrary to the belief of many 
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people with whom the problem was discussed. This belief was summarised by Wilson, who 
stated that the €nglish literature on the subject left one with the impression that fractures of the 
femoral neck in children responded to the regular forms of treatment and that good functional 
recovery was the rule. This review was undertaken in order to establish guiding principles 
for the surgeon faced with this difficult problem. It was made possible by the cooperation of a 
number of surgeons in the West of Scotland who allowed me access to patients and radiographs. 


MATERIAL 
Twenty-four patients aged under seventeen years were seen. Between the years 1944 and 
1958 they had suffered twenty-four fractures of the femoral neck (Table I). Their ages at the 
time of injury were from four to sixteen yours and the duration of observation was from 
fourteen months to fifteen years. 


TABLE I 
CLINICAL DETAILS IN TWENTY*FOUR CASES OF FRACTURE OF THE FEMORAL NECK IN CHILDREN 
Sex Side — Nature of injury Type of fracture 

l 8 Female . Left 1944 Fall from a wall Transcervical 

2 14 Male Right 1946 Fall from a cart Transepiphysial 

3 16 Male Left 1948 Fall from bicycle Transcervical 

4 12 Male Left 1949 Fall from a tree Cervico-trochanteric 

5 12 Male Right 1949 Fall from a tree Transcervical 

6 10 Female Left 1949 Fall from bicycle | Transcervical 

7 ae Male Left 1949 Unknown Cervico-trochanteric 

8 8 Female Right 1951 Tetanic spasms Transcervical 

9 16 Male Right 1952 Fall from bicycle Transcervical 
10 9 Female a Right 1952 Fall from bicycle Transcervical 
1 13 Male _—- Left 1952 Street fall Transcervical 
12 16 Female Left 1952 Motor car accident Cervico-trochanteric 
13 12 Male Right 1954 Fall Cervico-trochanteric — 
14 12 Male Left 1955 ” Fall Transcervical 
15 9 Male Right 1955 Road accident Intertrochanteric 
16 4 Male Right 1955 Fall from a roof Cervico-trochanteric 
17 13 Male Right 1956 Fall from bicycle Cervico-trochanteric 
18 15 Male Left 1956 Fall from a height Transepiphysial 
19 8 Male Right 1956 Road accident Intertrochanteric 
20 8 Female Right 1956 Fall from a height Cervico-trochanteric 
21 11 Male Left 1956 Fall Transcervical 
22 15 Male Right 1957 Fall from bicycle Intertrochanteric 
23 i; 16 Male Right 1957 Fall from ladder Transcervical 
24 8 Female Right 1958 Road accident Cervico-trochanteric 
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RESULTS 


Eight patients (Cases 1, 7, 9, 14, 21, 22, 23 and.24) achieved hips which clinically and 
radiologically could be regarded as normal (Table I). Of these eight patients, two (Cases 7 
and 24) have been under observation for less than two years. Their ages at the time of injury 
ranged from eight to sixteen years. Three patients were treated by operation, four by traction 
and one by immobilisation in plaster. 

Four patients achieved good function but had a degree of shortening from coxa vara or 
deformity of the head caused by avascular necrosis. Three of these were treated by operation 
and one by traction. All four are likely to develop degenerative changes in the hip in later 
life. 

The remaining twelve patients did badly. Nine—of whom two had non-union—had one 
or more osteotomies for the correction of deformity; two have had their hips arthrodesed - 


TABLE I—continued 


Treatment Union Coxa vara Avascular Remarks 
Smith-Petersen nail i Yes No No Excellent result 
Smith-Petersen nail Yes No Yes Arthrodesis 
‘ Smith-Petersen nail Yes Yes Yes Osteotomy 
Immobilisation in plaster Yes No Yes Awaiting arthrodesis 
Smith-Petersen nail Yes Yes Yes Osteotomy 
Conservative then Smith-Petersen nail Yes Yes Yes Good function 
Traction on splint Yes No No 
Immobilisation in plaster 7 No Yes Yes » Osteotomy; failure 
Smith-Petersen nail and bone graft Yes No No Excellent result 
Smith-Petersen nail No Yes Yes Osteotomy. Non-union 
Smith-Petersen nail Yes Yes No Good function 
Traction on splint Yes Yes Yes Osteotomy 
Immobilisation in plaster Yes Yes Yes Arthrodesis “a 
Traction on splint Yes No No Excellent result 
Traction on splint Yes Yes Yes Osteotomy 
Splint only | Yes Yes Yes Good function. Shortening 
Immobilisation in plaster Yes Yes No Osteotomy 
Smith-Petersen nail Yes No Yes Good function at present 
Traction on splint | Yes Yes Yes Osteotomy 
Immobilisation in plaster No Yes Yes Osteotomy 
Splint Yes No No Excellent result : 
Immobilisation in plaster Yes No No Excellent result 
Multiple pins Yes No No Excellent result 
Skeletal traction on splint Yes No No ee Fast 
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and the twelfth awaits arthrodesis. Four of these twelve patients were treated by operation, 
five by immobilisation in plaster and three by traction. 


CAUSES OF FRACTURE 


In the adult, fracture of the neck of the femur is usually caused by a trivial injury, such as 
tripping over a carpet or stumbling on a stair. In a child the head and neck of the femur 
are dense and hard, and considerable violence is required to break them unless they are 
affected by pathological changes. Of the twenty-four fractures under consideration six were 
caused by falls from bicycles, and in these the violence seemed least. In two cases the children 


‘ were standing astride stationary bicycles and were pushed over accidentally, landing on the 


affected side. The important factor here appears to have been the saddle which was wedged 
in the perineum and acted as a fulcrum over which the neck of the femur was broken. Other 
causes were falls from trees, walls or ladders. The worst injuries were those sustained in 
road accidents. In this last group four children were struck by rapidly moving vehicles and 
thrown violently to the ground on the affected side; multiple injuries were sustained and there 
was loss of consciousness in all—one had a fracture of the skull, two had fractures of the 
pelvis, three fractures of the femoral shaft on the same side; all had skin and soft-tissue loss 
over the affected limb, which influenced considerably the treatment of the fractured femoral neck. 


Fic. 5 Fic. 6 


Figure 5—Acute traumatic separation of the left femoral epiphysis in a boy of fifteen. Figure 6—Radiograph 
of both hips, showing right femoral epiphysiolysis developing while avascular necrosis of the left femoral 
head was under treatment. The epiphysiolysis has been stabilised by the insertion of pins. 


TYPES OF FRACTURE 


Colonna classified the fractures as follows: Type |—transepiphysial. Here the fracture 
occurs at the epiphysial line. Type 2—transcervical. Type 3—cervico-trochanteric. Type 4— 
intertrochanteric. The distinction between the transepiphysial fractures and slipped epiphysis 
was stressed by Colonna (1929). These fractures, he stated, were acute traumatic separations 
of previously normal epiphyses. That this distinction is not an easy one to make is shown by 
the following case. Figure 5 shows the hip joint of a boy who fell from a height, and immediately 
afterwards was unable to walk. The injury was accepted as an instance of acute traumatic 
separation of the epiphysis, and the fragments were fixed by a Smith-Petersen nail. The head 
of the femur later showed evidence of avascular necrosis, and while the boy was under observation 
for this he complained of pain in the other hip. The radiograph (Fig. 6) showed displacement 
of the epiphysis on that side. The cervico-trochanteric fractures are stated to be commonest, 
though Ingram and Bachynski (1953) quoted eleven transcervical fractures in their series of 
twenty-four cases. 
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COMPLICATIONS 


Coxa vara—There is a marked tendency to coxa vara after these fractures. The displacement 
may be due to a failure fully to reduce the initial deformity, or it may occur suddenly in the 
early stages of treatment when the hip is immobilised in a plaster or Thomas’s splint (Figs. 
7 to 10). Coxa vara, however, may develop gradually over a period of years. Whitman 
(1891) remarked on this feature and ascribed to it the progressive shortening that takes 


Fic. 9 Fic. 10 
Progress of transcervical fracture of right femur in a boy of thirteen treated by immobilisation in plaster. 
Note the initially good reduction (Fig. 8) and subsequent development of coxa vara (Fig. 9) which was 
later treated by osteotomy (Fig. 10). 


place in the limb when coxa vara is present. Allende and Lezama (1951) believed that the 
development of coxa vara could be correlated with the obliquity of the fracture line; they 
maintained that if Pauwel’s angle was more than 50 degrees the fracture was unstable and 
operation was required to prevent deformity. The problem is not quite so simple; in these 
fractures there is a degree of plasticity at the fracture site for a long time after union appears 
adequate, with a tendency to bending of the neck of the femur (Figs. 11 and 12). The prevention 
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Fic. 11 Fic. 12 
Figure 1 1—Cervico-trochanteric fracture of the right femoral neck in a boy of twelve. He was treated 
with skin traction for six weeks, then allowed up. Figure 12—Condition one year later. There is 
coxa vara and a severe degree of avascular necrosis. 


Fic. 13 


Diagrammatic representation of the blood supply to the head and neck of femur in childhood. 
(After Moseley.) 
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discussed below. 

Shortening of the limb—This is one of the most serious complications, especially in a girl, 
where the shortening cannot be concealed as in a boy. By the time growth has ceased there 
may be up to four or five inches of shortening, the amount depending on the age and on the 
state of skeletal growth at the time the fracture was sustained. 

Whitman (1891) believed that the coxa vara was the main cause of the shortening, but it 
is certainly not the only one. With the development of the coxa vara the epiphysis of the head 
is rotated into such a position that it can no longer contribute to growth in length of the limb; 
the growth which takes place does not add to the length of the limb, but occurring in a more 
horizontal plane increases the adduction deformity and leaves the greater trochanter at a much 
higher level than normal. This causes a marked Trendelenburg limp. 


Fic. 14 Fic. 15 


Figure 14—Cervico-trochanteric fracture of right femoral neck in a boy of nine who was injured in a 

road accident. Because of multiple associated injuries the treatment of the femoral neck fracture was 

difficult and unsatisfactory. Figure 15—Three years later there was coxa vara and avascular necrosis of 
the head and neck of the femur. 


Avascular necrosis—The incidence of avascular necrosis is undoubtedly much greater in 
children than in adults, and this has been ascribed to differences in the blood supply of the 
femoral head. Little can be added to the observations of Wolcott (1943), Tucker (1949), 
Trueta and Harrison (1953) and others on the subject. In many children the foveolar artery 
is incapable of maintaining tHe circulation of that part of the head which is dependent on the 
retinacular vessels, because no anastomosis takes place across the epiphysial line while the 
epiphysial plate is present. When the retinacular vessels are damaged by fracture of the 
femoral neck the circulation of the head is jeopardised. When the blood supply through the 
foveolar vessels is inadequate avascular necrosis occurs (Fig. 13). 

In adults avascular necrosis is usually associated only with transcervical fractures, but in 
children it may also occur in basal and intertrochanteric fractures (Figs. 14 and 15). Ina 
child a fracture in the cervico-trochanteric region may damage the retinacular vessels and at 
the same time cut off the blood supply to the neck from the ascending branch of the nutrient 
artery. The occasional occurrence of avascular necrosis of the femoral neck in children is 
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evidence for this (Fig. 16). These changes in the neck are responsible for the development of 
coxa vara some time after the initial injury. The radiological signs of avascular necrosis may 
not be obvious for two years after the injury (Figs. 17 to 19), but during that time it can be 
assumed that the blood supply to the head and neck is defective and that the bone is liable to 
_ collapse and distortion. This study has shown again that when the blood supply to a bone is 


Fic. 16 
Avascular necrosis of the neck of the right femur in a boy of five who 
one year before had sustained a fracture of the neck of the femur. 
Treatment was by splinting only. Note the severe coxa vara. 


Fic. 17 Fic. 18 : Fic. 19 


Progress of a cervico-trochanteric fracture of the left femur in a boy of twelve. At six months, after 

treatment by immobilisation in plaster, union seemed adequate (Fig. 18) and weight bearing was allowed. 

Almost two years after injury pain and stiffness developed and the radiograph (Fig. 19) showed. avascular 
necrosis of the head. 


cut off there are no radiological features at the time to indicate the change, and that it is only 
subsequently when revascularisation is taking place that they become obvious. While the 
bone is avascular no pain is experienced and the patient may walk about quite freely; it is 


not until revascularisation of the bone takes place and softening and collapse occur that pain 


and spasm become marked features. The changes are indistinguishable from those in Perthes’ 
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disease, and Watson-Jones (1940) believed that they are the same; Nielsen (1938) referred to 
three cases of Perthes’ disease after fracture of the femoral neck in childhood; other writers 
have tried to draw a distinction but the clinical and radiological behaviour of the two 
conditions is similar. 

Non-union of the fracture—The occurrence of non- 
union was questioned by Colonna (1929) and Mitchell 
(1936). They believed. that bony union occurred 
promptly as in most fractures of childhood. They 
thought that union in malposition was the common 
cause of subsequent disability. Non-union was noted 
by Seddon (1936) and Ingram and Bachynski (1953), 
and it occurred in two patients in this series. 

In Ingram and Bachynski’s case non-union 
followed adequate reduction and fixation by means 
of Knowle’s pins; Seddon stated that treatment of 
the fracture in his case was unsatisfactory because of 
other injuries sustained at the time. In this series 
non-union occurred in one patient treated by the 
insertion of a Smith-Petersen nail and in one treated 
by reduction and immobilisation in plaster; it was 
impossible to ascertain such important details as 
degree of displacement at the time of injury, difficulty Fic. 20 


in reduction, and the amount of force used in Non-union of a fracture of the neck of the 
right femur in a girl of nine shown two years 


reduction (Fig. 20). after injury. 


DISCUSSION 


Previous writers have argued about the respective merits of conservative and operative 


treatment, but from the results obtained in this survey (Table I) it can be seen that equally 
good or bad results can be obtained by either method. 

Every fracture of the neck of the femur in a child is liable to complications, especially 
if there is separation at the fracture site either at the time of injury or subsequently through 
injudicious and repeated attempts to reduce the fracture. Internal fixation with a Smith- 
Petersen nail may in a young child lead to a degree of distraction sufficient to endanger the 
blood supply (Figs. 21 to 23). There is a natural tendency to union of these fractures, as with 
most fractures in children; the surgeon’s responsibility is to ensure union in the best position 
with retention of the normal angle between the neck and shaft; failure to retain this position 
will result in coxa vara with progressive shortening. The fact that union occurs should not 
delude the surgeon into the belief that the danger of complications has passed; union occurs 
even when the blood supply to the proximal fragment has been jeopardised, but the area of 
union is liable to distortion and—as in the adult—avascular necrosis can become apparent 
some considerable time after union appears to be satisfactory. In many patients the nature 
of the injuries dictates the treatment; when the fractured hip is one of a number of injuries, 
as in a road accident, only copservative treatment may be possible. In the four instances of 
road accidents in this series the fracture of the femoral neck was associated with fractures of 
skull, pelvis and other long bones, with rupture of abdominal viscera, and with soft-tissue loss 
over the affected limb. In such circumstances only conservative treatment is possible, but it 
must be adequate from an early stage, and it must not be relegated to some junior member of 
the staff who has not a proper appreciation of the problem. Prolonged skeletal traction and 
at least a year in which no weight is borne on the affected leg are required (Figs. 24 and 25). 

When the fracture of the hip is an isolated injury treatment will depend on several factors. 
The state of skeletal maturity is of more importance than the actual age. A mature youth 
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can be treated by internal fixation just as can an adult, but he should be kept off weight bearing 


for a longer time. 
In the case of younger children, when there is no displacement, internal fixation should 


perhaps be avoided (Figs. 26 and 27), especially the use of a three-flanged nail, which is unsuitable 


for the narrow hard femoral neck and is liable to cause distraction (Fig. 22). If operation is © 


decided upon Knowle’s pins will cause less damage than a nail. 
It has been urged that when displacement occurs union should be allowed to take place 
in the position of deformity and that subsequently a corrective osteotomy should be done. 


Fic. 21 Fic. 22 


Fics. 21 To 23 


Figure 21—Fracture of neck of left femur in 

a girl of ten. Figure 22—Internal fixation 

was employed; it can be seen that the nail is 

causing distraction of the fragments. 

Figure 23—Nine years later there is de- 
formity of the head. 


| 


Fic. 23 


Union with displacement will lead to coxa vara and shortening—deformities which are 
extremely difficult to correct satisfactorily once they are established. Early reduction seems 


the more sensible course. 
Non-union is almost certainly due to unsatisfactory management of the fracture because 
of other injuries. It can probably be avoided by instituting the correct regime from the 


beginning. 
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Figure 24—Fracture of the right femoral neck in a girl of eight. She had been knocked 

i down by a motor car, and in addition had a fracture of the shaft of the femur and 

skull. There was soft-tissue loss over the thigh and leg. Figure 25—Skeletal traction 

was maintained for three months and weight bearing was forbidden for a further 

nine months. Eighteen months laYer there was good union with retention of the angle 

between the neck and shaft. There is still a possibility that avascular necrosis may 
occur. 


Fic. 26 Fic. 27 
Figure 26—Simple crack fracture without displacement of the neck of the left femur in a girl 
of thirteen. She was treated by immobilisation in a Thomas’s splint. Figure 27—Two years 
later there was sound union without avascular necrosis or coxa vara. 
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SUMMARY 


1. Fracture of the neck of the femur in childhood and its complications are discussed. 

2. The high incidence of these complications is not generally appreciated—in this series of 
twenty-four patients only eight achieved normal hip joints. 

3. The complications are due to the arrangement of the blood supply to the head and neck. 
Avascular necrosis is unavoidable in a high proportion, and is not directly related to any 
particular method of treatment. 


4. Extreme care and gentleness in handling the injured limb will help to reduce the incidence | 


of deformities; internal fixation is not suitable for the very young as it may predispose to 
necrosis or may damage the epiphysis. In older children it can be used with care. 


_ 5. Where growth is still taking place in the limb the retention of the angle between neck and 


Shaft is most important, as this will prevent coxa vara and progressive shortening with the 
consequent unsightly Trendelenburg limp. 


_-~~My thanks are due to Mr James Patrick for his help in reading the script and to Professor Roland Barnes for 


his helpful suggestions. 
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TRAUMATIC DISLOCATION OF THE HIP IN CHILDREN 
An Analysis of Forty-seven Patients. 


ALAN GLAss and H. D. W. POWELL, MANCHESTER, ENGLAND 


This paper presents the results of a study of forty-seven children under sixteen years old, 
each of whom had suffered a traumatic dislocation of one hip. 

In 1924 Choyce reviewed fifty-nine patients, of whom one was personally observed, and 
in 1927 Giraud reviewed 109 patients, of whom two were personally observed, all the others 
being collected from the literature up to that date. Since then numerous case reports have 
been published. These are analysed in Table I. In addition, Thompson and Epstein (1951), 
Paus (1951) and Piggot (1959) have published series of these injuries, and the relevant 
information from these is analysed in Table II.* Table I shows that avascular change in the 
femoral head occurred in about one-fifth of the patients. We decided to collect from our 
colleagues in this country case histories and radiographs to find out the true incidence of 
avascular change in the dislocated femoral head of the child because we believed that previously 
published series may have shown considerable selection, the patients only being described 
in the literature because of the presence of this, or some other, complication. We deliberately 
kept our inquiry to patients with simple traumatic dislocation and have not included any 
patient in whom there was evidence of an associated fracture. Some patients had fractures 
in the shafts of their femora on the same side as the dislocation, or in other bones, but these 
were not regarded as being “ associated ”’ with the dislocation for they in no way influenced 
the outcome of the hip injury. 


NUMBER 
OF 5 
CHILDREN 


AGE (YEARS) 
Fic. 


The ages at which the dislocations occurred in forty-six children. 
The exact age of one child was not known. 


A circular letter explaining the aims of this study was sent to 340 orthopaedic surgeons in 
Britain. They were asked to contribute clinical and radiological details of any patients whom 
they had themselves treated. The replies received produced fifty patients, to which we added 
five of our own. An age limit of fifteen years was chosen as a reasonable dividing line between 
children and adults, which was the same age limit chosen by Thompson and Epstein (1951), 


* Since this paper was accepted for publication a further review of the subject has been published by Morton 
(1959). He found 129 cases in a survey of the literature in English, and added seven of his own from the 
Vancouver General Hospital. His review includes children with associated acetabular or.trochanteric fractures, 
and also central hip dislocations. 

There is a further report by Haliburton, Barber and Brockenshire (1959) of a girl of seven who developed 
avascular changes two months after dislocation of the hip. 
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TABLE I 
. REPORTS OF TRAUMATIC DISLOCATION OF THE HIP IN CHILDREN 
: | PUBLISHED SINCE THE REVIEW BY GIRAUD IN 1927 
of Length of 
Author Year x | x Side injury and reduction observation Result Complications 
reduction 
Clarke 1929 F 3  L Hours Closed 9%months Normalhip None 
Nicolaysen 1931 M 10 — Unknown Unknown 12 months Poor Avascular necrosis 
Elmslie 1932 L 7days Unknown 8 months Poor  Avascular necrosis 
Glynn 1932 Mi 3 | Sdays Closed Unknown Unknown None 
Glynn 1932 F 7 Hours Closed 11 months Normal hip None 
Meng 1934 M 5 L 15 days Closed 2weeks Unknown None 
Meng 1934 M 5 L 4weeks 2 Closed 8 months Normal hip None 
Charry sae — 7 — 2months Open 2years Normalhip None 
Haines 1937 M 6 L Hours Closed 4months Normal hip ‘None 
Rocher, 
Rocher and 1937 | M; Hours Closed 10weeks Normalhip None 
Cuzard 
Cuzard 937 | M 13 R 4days Closed 2months Normal hip None 
Cuzard 1937 M 7 L 9days Closed ISyears Normalhip None 
Goldenberg 1938° M 10 R Hours Closed’ 13months Poor  Avascular necrosis 
Mutschler “1939 (Mi 13 | L Hours Closed 12 months Poor Avascular necrosis 
Avascular necrosis 
Banks 1941 M12 L Hours Closed 6 years Good 
Caamanio 1941 M Closed Unknown Unknown Unknown 
Caamafo 1941 M 7 a Hours Closed 6years Normalhip None 
Caamafio 1941 M 10 Hours Closed 18 months Normal hip None 
Caamaiio 1941 i Open 5 months Poor Limp 
Quist-Hanssen M 3 R 3days Closed 4 years Poor  Avascular necrosis 
wy and 19590 Mi i4 L Hours Closed Unknown Unknown Unknown 
Mason 1954 2 L Hours Closed 10months Normal hip None 
Treated by 
Hamada 1957 12 R_ 12 months None Unknown Fair osteotomy 
‘ Treated by 
Hamada 1957 F 9 L  5months Unknown Fair osteotomy 
Litton and 
1958 M. 5 L days 3 years Good None 
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leaving forty-seven patients for analysis (Table III). 


ANALYSIS OF PATIENTS 


Paus (1951) and Piggot (1959). Patients observed for less than six months have been excluded, 


The forty-seven children available for review have been observed for an average of 
twenty-eight months, the shortest time being six months and the longest eight years. Eighteen 
of the patients were girls and twenty-nine were boys. In twenty-three the right hip was dislocated 


. and in twenty-four the left. The children were 
classified according to age (Fig. 1), and although 
the injury occurred more often at about twelve 
years of age, all ages except the very youngest 
are represented. The dislocation jn every child 
was posterior (Fig. 2). .The mechanism of 
injury was very variable, and in those patients 
for whom full details were available, about 
two-thirds had received fairly trivial injuries, 
such as “* doing the splits, slipping on ice, or 
tripping over in the school playground while 
walking.” Major accidents, however, played 
their part, for the remaining third of the 
injuries occurred in traffic accidents or falls 
from a height. 

Table IV shows that most surgeons applied 
traction for One to three months after reduction. 
Table V shows that surgeons rarely insisted on 
avoiding weight bearing for longer than three 
months after injury, and, since avascular 
necrosis was relatively rare,.this policy was 
probably justified. 


TABLE Il 


Fic. 2 


A radiograph showing a typical posterior disloca- 


tion in a boy of four years. 


ANALYSIS OF PREVIOUSLY PUBLISHED SERIES OF TRAUMATIC Neatininaseene OF THE Hip IN CHILDREN 


Number — Length of 
of observation Number of hips showing 


(1951) 


Author Comment 
children (years) 
None. One child who 
Thompson and Epstein 8 6-14 9 also had a femoral head eee — oe = on 


fracture showed much 
new bone formation 


effect on the result 


No reason to 
a short period o 
Paus (1951) 19 4-15 15 One after-treatment to months 
of non-weight bearing 
No evidence that avoidance 
Piggot (1959) 9 4-15 5 One at six months of weight bearing had 
prevented avascular necrosis} 
COMPLICATIONS 


Fourteen of the forty-seven children had complications. 


Four showed the radiological 


changes of avascular necrosis in the head of the femur only, and three showed degenerative 
joint changes with some increase in the density of the femoral head, marked loss of 
‘: joint space and acetabular lipping, which may have been the result of previous avascular 
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TABLE Ill 


DETAILS OF FORTY-SEVEN CHILDREN WITH TRAUMATIC DISLOCATION OF THE HIP 


M 


15 


64 


6 


10 


Mechanism of 
= Sex ( years) Side Side injury 


Treatment 


Result and complications 


R Fell off a horse 


R Knocked down 
by a pony 


R Pushed over 
in playground 


skipping 


L Sledging 


L- Car accident 


R_ Pushed by a child 


L_ Father fell on him 


R Ran into car 
on bicycle 


R Road accident 


L Car accident 


R Jumped on while 
crouching 


Fell on right knee 
R playing football. 
Another boy 
landed on him 


Traction for 6 weeks. 
Walked at 11 weeks 


Traction for 11 days. 
Hip spica 


Hip spica for | month 


Traction for | month 


Referred to orthopaedic 
surgeon after 8 months, 
with the hip 
incompletely reduced 


Unknown 


Traction for 4 days. 
Hip spica for 8 weeks 


Traction for 8 weeks. 
Walked at 10 weeks 


Traction for 
3 months 


Traction for 1 month 


Reduced without 
anaesthesia. 
Traction for 1 month 


Hip spica for 3 weeks. 
Walked at 6 weeks 


Post-reduction arthro- 
graph because of 
suspicion of inter- 

position of soft parts 

was normal 


L Roller skating. Hipspica for 3 months. 
: Fell on left hip Offcrutchesat6months 


R Tripped over 
sheaf of corn 


R Sledging 


Viripped 


3 weeks in bed 


Traction for 8 weeks; 
crutches for a further 
8 weeks 


Reduced at 10 days, 
traction applied. 
Further radiographs 
showed redislocation. 
Further reduction 
8 days later, and 
frog plaster worn 
for 5 months 


At 9 months hip movements restricted. 
Radiographs showed narrowing of joint 
space with osteophytic lipping 


At 5 months limp with restricted .move- 
ments. Radiographs showed well marked 
avascular necrosis 


Normal clinically and —— at 
6 months 


Normal clinically and radiologically at 
10 months 


Fibular graft inserted. Marked avascular 
necrosis. Subsequent arthrodesis 


Myositis in region of hip joint seen in 
radiograph at 2} weeks after injury, with 
subsequent narrowing of joint space. 
Associated fracture of shaft of right femur 
and head injury. Later degenerative 
arthritis treated by femoral osteotomy 


Normal clinically and radiologically at 
16 months 


Normal clinically and radiologically at 
5 years 


Normal clinically and radiologically at 
year 


Normal clinically and radiologically at 
34 years 


Normal clinically and radiologically at 
12 months 


Normal clinically and radiologically at 
10 months 


Avascular necrosis evident at 12 months 


Normal clinically and radiologically at 
11 months 


Discharged as normal at 5 months. 
Radiograph shows large femoral head 
well contained in acetabulum 


Normal clinically and radiologically at 
21 months 


Normal clinically and radiologically at 
10 months. A Mongol child 
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DETAILS OF ForTY-SEVEN CHILDREN WITH TRAUMATIC DISLOCATION OF THE HIP 


Case ‘Sex Age 


(years) 
| 

19 |M_ 8} 
20 | F 5 

21 im! 12 

2 13 
23 | M = 12 
241M 

a iM: 
s 
29 *F 

31 8 

32 | F 8 
33 | 12 


Side 


Mechanism of 
injury 


Treatment 


Result and complications 


Front seat 


passenger in car. 


R 


R 


*R 


L 
R 


L 


R 


Road accident 


Road accident. 
Two adults had 
almost identical 
injuries 
Perhaps a fall 
on knees 


Struck by 
railway truck 


Fell 30 feet 


Hit by bale 
Rugby injury 


Fell off horse 


Caught right foot 
falling off wall 
while skating 
Jumped on 


Car accident 


Did the splits 


Unknown 


Unknown 


Unknown 


Unknown 


Traction for 6 weeks. 
Walked at 3 months 


Traction for 4 weeks 


Hip spica for 4 weeks. 
Walked at 6 weeks 


Hip spica for | month. 
Walked at 6 weeks 


Closed reduction. 
3 months later 
traumatic cartilaginous 
loose body removed 


Traction for 2 months. 
Walked at 3 months 


Traction for 5 weeks 


Traction for 6 weeks. 
Walked at 8 weeks 


Traction for | week. 
- Walked at 6 weeks 


Traction for 2 weeks. 
Walked at | month 


Traction for | month 


Reduced after 3 days. 
Open operation 4 
months later. Fibrous 
mass removed from 
joint. Hip spica 


Mobilised at 8 weeks. 
Walked at 4 months 


Walked at 3 months 


Mobilised at 12 weeks. 
Walked at 14 weeks 


2 weeks in bed. 
Walked at 3 weeks. 
Played cricket at 
1 month 


Normal clinically and radiologically at 
10 months, with femoral head larger than 
on unaffected side. Also sustained frac- 
tures of left patella and left humerus 


Normal clinically and radiologically at 
3 years 


Avascular necrosis at 3 months. Normal 
clinically and radiologically at 54 years. 
Right femoral head slightly larger than left 


Normal clinically and radiologically at 
14 months 


At 15 months occasional ache only. Has 
slight Trendelenburg dip when walking, 
and slightly less abductor power than on 
left side. Radiograph shows large head 
of femur, with a little raggedness of 
acetabulum superiorly and posteriorly. 
No avascular necrosis 


Normal clinically and radiologically at 
3 years 


Normal clinically and radiologically at 
17 months 


Normal clinically and radiologically at 
34 years 


Discharged as normal at 8 months 


Normal clinically and radiologically at 
13 months 


Normal clinically and radiologically at 
18 months. Also had compound fracture 
of shaft of left femur 


Walking normally at 44 years. In original 
radiographs acetabulum and capital 
epiphysis were normal. Latest radio- 
graphs show sloping acetabular roof and 
large and badly contained femoral head 


Normal clinically at 8 years. Radiographs 
showed premature epiphysial fusion. Had 
sustained 9 other major injuries including 
fracture of upper shaft of femur on sa 
side as dislocation ‘ 


Normal hip at 24 years. Radiograph 
shows trace of ossification at tip of greater 
trochanter 


Occasional ache in hip joint at 21 months. 
Radiograph shows relatively shallow 
acetabulum, with slight irregularity of 
head of femur 


Normal clinically and radiologically at 
7 years 
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TABLE I1l—continued 


DETAILS OF FORTY-SEVEN CHILDREN WITH TRAUMATIC DISLOCATION OF THE HIP 


Age Mechanism of 
se * (years) injury Treatment Result and complications 
Immobilised for Normal clinically and radiologically at 
34 F 8 i Unknown 8 weeks. 6 months. Also sustained femoral shaft 
Walked at 10 weeks fracture Qp same side 
Traction for 3 months. Normal clinically and radiologically at 
Soe) & i= Unknown Walked at 14 weeks 5 years 
ee Hip spica for 7 weeks. Normal clinically and radiologically at 
36 M 14 Soccer injury “Walked at 11 weeks 21 months 
Normal clinically and radiologically at 
a om) L Unknown Unknown 14 months, apart from slight enlargement 
of femoral head 
| , Normal clinically and radiologically at 
38 M 10 L fell — 9 months, with trace of heterotopic bone 
above greater trochanter 
a Traction for 4 weeks. . Normal clinically and radiologically at 
39 M 13 Rugby injury at 6 weeks 20 months 
40M 6 L Knocked down Traction for 3 months, Normal clinically and radiologically at 
‘ by a lorry and then walked 18 months 
4] F 2 \iR Unknown, Traction for 1 week. Normal clinically and radiologically at 
domestic Hip spica for 6 weeks 2 years 
| as Traction for 6 weeks. Normal clinically and radiologically at 
R_ Slipped at home Wajked at 3 months 9 months 
Discharged 2 a after injury. Re- 
appeared 3 years after injury because of 
43 M L Struck by swing limp. Radiographs showed narrowing of 
joint space with “ fragmentation ” of the 
head 
Hip spica for month, 
5 L Slipped up slope for clinically and radiologically at 
Walked at 6 months 
, : Normal clinically and radiologically at 
45- M 4 Gate fell on him years. Had fracture of shaft of left 
femur 
46 F 10 L pes ct Bed rest for 5 weeks. Normal clinically and radiologically at 
fell on left knee Walked at 6 weeks 7 years 
Hip spica for 6 weeks, 
47 M13 R Kicked a ball then on patten-ended Normal clinically and radiologically at 
playing rugby caliper. 3 years 
Walked at 5 months 


change (Fig. 3). Nicoll in 1952 made a distinction between frank avascular changes and 


_degenerative joint changes. The avascular changes mentioned appeared at times varying from 


three to twelve months after the4njury. The degenerative joint changes also varied in the 
time of appearance, the earliest change showing one month after the injury. It is interesting 
that only one child out of twenty-six under the age of ten developed avascular change, whereas 
five out of twenty children aged ten or more were affected. 

There was evidence of premature epiphysial fusion in only one child, but a common 
complication, not stressed in the previous literature, was the development of a large femoral 
head, and this occurred in six patients (Fig. 4); there was no common linkage, either in the 
mechanism of injury or the type of treatment given, with the exception that two of the six 


THE JOURNAL OF BONE AND JOINT SURGERY 


€ 


| 
| 
| | | 
| | 
| | 
| 
| | 
| | 
| 
| 


% 


TRAUMATIC DISLOCATION OF THE HIP IN CHILDREN 35 


Fic. 3 
Degenerative joint changes found three years after dislocation in a boy of twelve years. 


children had open reduction of the dislocation. It is possible that this may lead to osteoarthritis 
in later life. There is no known modification in treatment that will prevent enlargement of 
the femoral head. | 


DISCUSSION 


One of the most striking observations was how often a trivial injuryycaused dislocation, 
in contrast to that required to dislocate the adult hip. There was no evidence in the radiographs 
of any anatomical abnormality which might account for this difference; also, the sex incidence 
in this series was approximately three boys to two girls, which contrasts sharply with that 
found in congenital dislocation of the hip, for which the figures are six to eight girls to every 
boy. Therefore, a congenital anatomical variant is very unlikely to be etiologically important. 


TABLE IV 


DETAILS OF TREATMENT GIVEN AFTER REDUCTION OF TRAUMATIC DISLOCATION OF THE HIP 
IN FORTY-SEVEN CHILDREN 


Bed rest Fixed skin Plaster hip Fixed skin traction Usiesen 
only traction spica followed by hip spica 
2 24 11 3 7 
TABLE V 


TIME BETWEEN TRAUMATIC DISLOCATION OF THE HIP AND STARTING WEIGHT BEARING 
IN FORTY-SEVEN CHILDREN i 


Under Between Between Over 
1 month and 2 months 2 and 3 months 3 months 
| | 15 | 5 | 
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Fic. 4 7 

- Overgrowth of right femoral head twenty-one months after dislocation. 

We were unable to find any correlation between the mechanism and severity of injury 


and the complications described. Boys were no more liable to complications than girls. 
Treatment, in particular the time between injury and weight bearing, varied but there 

| was no evidence that a long time off weight bearing had any effect in preventing complications. 

; There is no point, therefore, in keeping a child off weight bearing longer than it takes for the 


7 soft-tissue injury to heal. We would suggest that four to six weeks is adequate. 

SUMMARY 

a 1. A collected series of forty-seven traumatic dislocations of the hip in children is reported 
. 

7 and reviewed in detail. 


2. All were simple hip dislocations, and no child was included in whom there was any other 


injury to the affected joint. 
3. All were posterior dislocations. 
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4. No anatomical predisposition was observed. 

5. Significant complications occurred in fourteen children: avascular necrosis of the head of 
the femur in four, degenerative joint changes in three, premature epiphysial fusion in one and 
overgrowth of the femoral head in six. Study of the children with these complications revealed 
no common cause except the dislocation itself. 

6. The injury responsible was often trivial. 

7. The results suggest that it is harmless to bear weight four weeks after reduction. 


We are most grateful to all our colleagues who have helped us with this i inquiry and have allowed us the use of 
their clinical material. We wish to thank Mr D. LI. Griffiths for his help in the preparation of this paper, and 
the Department of Medical Illustration, Manchester Royal Infirmary, for the illustrations. 
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| | From the Princess Elizabeth Orthopaedic Hospital, Exeter 


According to Ambroise Paré, “‘ there is this danger in the dislocation of the hip, that 
_ either the bone cannot be put into the place again, at least unless with much trouble, or else, 
| being put in, that it will presently fall out again.” These difficulties have been largely overcome, 
| only to be replaced by the problem of avascular necrosis. 

Mason (1954) reported one case of traumatic dislocation of the hip in a child, and found 
eighty-eight cases reported during the previous thirty-two years. Nine of these children later 
| developed avascular necrosis of the affected femoral head—an incidence of 10 per cent. 
_ Several of the cases had not been adequately followed up, and, as Choyce (1924) concluded: 
_ “ Had the earlier cases been followed up, the results would have been found to be less ideal 


than was supposed.” 


Fic. 2 


Fics. 1 AND 2 

Case 1. Figure 1—Dislocation of left hip with 
fracture of left femur. Figure 2—Soon after ) 
closed reduction, undertaken four days after . 
injury. Some widening of joint space. 


Fic. 1 


] 
During a recent review at Exeter of conditions of the hip nine cases of traumatic dislocation 
in children were encountered. Five were in boys and four ingirls. In seven cases the dislocation 
was of the left hip, and in two of the right. The ages ranged from four and a half to fifteen 
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years, the average being ten years. In all the epiphysial plate was clearly present at the time of 
injury. Avyascular necrosis of the femoral head occurred in one case. The length of the periods 
of observation ranged from twenty-seven to 122 months, the average being sixty-four months. 


Fic. 3 Fic. 4 
Case 3. Figure 3—Dislocation of left hip. Figure 4—After six months the patient was free 
from symptoms, though the radiograph =a a relative increase in the density of the 
epipnysis. 


Fic. 5 Fic. 6 


Case 3. Figure 5—Cyst formation and some flattening of epiphysis. Figure 6—Seven years 
after injury. Symptom-free. Full range. 


CASE REPORTS 


Case 1—A boy of seven sustained multiple injuries in a fall from a Dodgem car in January 1948. 
These included, besides a dislocation of the left hip (Fig. 1), a fracture of the left femur, fractures of 
the lower ends of both tibiae and fibulae and division of the left popliteal vessels. There was a delay 
of four days before reduction of the dislocation of the hip, which was not diagnosed until the boy 
was transferred to the orthopaedic unit. Radiographs taken soon after reduction showed some 
widening of the joint (Fig. 2), which was not apparent in radiographs taken three weeks later. The boy 
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lay in a plaster spica for eleven weeks and over the next four weeks was allowed to walk though not to 
bear weight on the left leg. After this he wore a weight-relieving caliper for six months. Ten years 
and two months after injury he had no symptoms, but had slight limitation of movement of the hip. 
Radiographs then showed no evidence of deformity of the femoral head nor of degenerative change. 


Case 2—A girl of seven fell from a tree in September 1949, sustaining a dislocation of the left hip with 
a marginal fracture of the acetabulum. After reduction she was in a plaster spica for twelve weeks, 
recumbent for the first four weeks and for the last eight walking with crutches without bearing weight 
on the affected leg. Eight years and seven months after injury she was free from symptoms but had 
slight limitation of movement of the hip. 
| Case 3—A girl of nine dislocated her left hip in April 1951 in a fall from a roof forty feet high (Fig. 3). 
| The dislocation was reduced and a plaster spica was applied. After one week of recumbency she was 
allowed to walk without weight bearing on the affected side. The plaster was removed after seven 
weeks, when full weight bearing was allowed. Six months after the injury she had no symptoms, but 
radiographs showed some increased density of the head of the left femur (Fig. 4). One month later 
her mother noticed that she limped when tired. Subsequent radiographs showed cystic changes in, 
and slight collapse of the epiphysis (Fig. 5). She was fitted with a weight-relieving caliper and continued 
to wear it for four years, when the femoral head appeared radiologically to be of normal density. 
__ Seven years after injury she had no symptoms and had a full range of movement of the hip. Radiographs 
(Fig. 6) showed some flattening of the femoral head. 


iG. 7 Fic. 8 
Case 4. Figure 7—Dislocation of left hip. . ppc 8—Marked widening of the joint after manipulative 
reduction. 


Fic. 9 
Case 4. Figure 9—Eight weeks later. The joint space is now of equal width to that of the healthy side. 


Case 4—A girl of four and a half was run over by a hay sweep in July 1951, sustaining a dislocation of 
the left hip (Fig. 7) and fractures of the left clavicle and right humerus. Radiographs taken after 
reduction showed a marked widening of the joint (Fig. 8). A plaster spica was applied, in which she 
was recumbent for eight weeks. After this full weight bearing was permitted. Radiographs taken 
eight weeks after reduction no longer showed the widening of the joint (Fig. 9). Six years and nine 
months after injury she was free from symptoms and had only slight limitation of movement of the hip? 
Radiographs showed no evidence of deformity of the femoral head nor of degenerative changes. 
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Case 5—A boy of six in January 1954 crashed into a fence while tobogganing and dislocated his right 
hip. After reduction a plaster spica was applied in which he was recumbent for four weeks. The 
plaster was then removed and the boy walked with crutches, avoiding weight bearing for a further 
six weeks. Four years and one month later his hip was clinically normal. ) 


Case 6—A boy of nine was knocked down by a car in January 1955, sustaining a dislocation of the 
right hip afid a fracture of the skull. After reduction he was in a single plaster spica for ten weeks and 
bore no weight on the affected leg for fourteen weeks. Three years and one month after i injury he had 
a full range of movement and was free from symptoms. 

Case 7—A girl of fifteen fell off horizontal bars in February 1955, dislocating her left hip. After 
reduction the hip was immobilised in a plaster spica for eight weeks. Two weeks after injury she 
was allowed to walk with crutches, not bearing weight on the affected side for a total of thirteen weeks. 
Three years and two months after injury she had no symptoms from the hip. Radiographs were not 
taken because, being a student radiographer, the patient was averse to additional radiation. 


Case 8—A boy of fifteen dislocated his left hip in October 1955 while playing football. After 
manipulative reduction the leg was kept on three pounds’ skin traction for six weeks. During the next 
six weeks he walked with crutches, not bearing weight on the affected limb. Two years and eight 
months after injury he had no symptoms referable to the hip. - 

Case 9—A boy of fifteen was knocked down by a pedal cycle in December 1955 and sustained a 
dislocation of the left hip. After reduction, skin traction with three pounds’ weight was maintained 
for five weeks. He was then in a plaster spica for twelve weeks and avoided bearing weight for 
seventeen weeks after injury. Two years and three months after injury he had no symptoms referable 
to the hip and had a full range of movement. 


DISCUSSION 


In Case 1 there was a delay in reducing the dislocation because the other injuries, 
particularly the fracture of the femur on the same side, distracted attention from the lesion 
of the hip. 

Dehne and Immermann (1951) found that in forty-two cases of dislocation of the hip, 
with fracture of the femur on the same side, the dislocation was recognised at initial examination 
in only fifteen. In most of the remainder the diagnosis was not made until four to six months 


later, when failure of the femur to unite led to further investigation and the discovery of the ~ 


unreduced dislocation. In the present case the hip was reduced quite easily in spite of the four 
days’ delay. Some widening of joint space was seen in the radiograph taken soon after reduction. 

More marked widening was apparent after reduction in Case 4. There was no delay in 
treatment as in Case |, so that blood in the acetabulum should not have formed a firm clot. 
It is believed likely that soft-tissue interposition rather than haemarthrosis caused this widening 
of joint space. Patersog (1957) reported a similar case in which he undertook open reduction. 
The acetabular labrum was detached and lay across the joint. Something similar may have 
occurred in this case. 

One patient developed avascular necrosis of the head of the femur. This girl must have 
sustained very considerable damage to her hip when she fell from a height of forty feet. She 
avoided movement and weight bearing on the affected side for seven seeks. At six months 
increased density of the head of the femur was noted, and one month later she was limping. 
The development of the radiographic appearances of avascularity before symptoms and signs 
has been described by Nicoll (1952) in a review of 144 adult cases. 

The cause of avascular necrosis is generally thought to be tearing and thrombosis of 
_ vessels at the time of injury and reduction. Trueta (1957) has shown that the blood supply 
to the head of the femur during childhood differs from that during adult life, and that between 
the fourth year and puberty. metaphysial vessels do not contribute to the circulation of the 
epiphysis. 

The incidence of avascular necrosis in adults was reported by Nicoll (1952) to be 10 per 
cent. In his review of the literature Mason (1954) found a similar incidence in children. 
However, in comparing the incidence of avascular necrosis in childhood with that in adult life, 
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the degree of violence required to produce the dislocation must be considered as well as 
differences in the vascular supply. When the bones of the hip are largely cartilaginous 
dislocation may be produced more easily than when they are fully ossified and less plastic. 

In all cases the hip was immobilised after reduction either in a plaster spica or by light 
skin traction. Bearing weight on the affected limb was not allowed within seven weeks of 
injury. There is no evidence that the avoidance of weight bearing prevented avascular necrosis. 
Banks (1951), advocating avoidance of weight bearing for six months, claimed that the atrophy 
of disuse so caused showed up the relative increase in density of the head more distinctly, and 
so assisted the diagnosis of avascular necrosis. He did not claim that this treatment would 
prevent avascular necrosis. 7 

| _ SUMMARY 

1. Nine cases of traumatic dislocation of the hip in children have been reviewed. 
2. There was one instance of avascular necrosis of the femoral head, which became apparent 
six months after injury. 
3. In one case fracture of the femur on the same side led to four days’ delay i in recognition 
and treatment of the dislocation. 
4. At the time of review all patients were fret thdes symptoms. 


My thanks are due to Mr F. C. Durbin and Mr C. C. Jeffery for permitting r me to review their cases, and to 
Mr Norman Capener for much help in the preparation of this paper. 
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AVASCULAR NECROSIS OF THE FEMORAL CAPITAL EPIPHYSIS 
AFTER TRAUMATIC DISLOCATION OF THE HIP IN CHILDREN* 


RoBeRT A. HALIBURTON, FREEMAN A. BROCKENSHIRE and JOHN R. BARBER, 
WINDSOR, ONTARIO, CANADA 


Traumatic dislocation of the hip in children is uncommon. Fineschi (1956) in a careful 
review of the literature stated that there were about 150 reported cases, of which sixteen were 
complicated by avascular necrosis of the femoral capital epiphysis. The purpose of this 
paper is to review the literature on such cases and to report an additional case. 

We have been able to review thirteen cases of avascular necrosis of the femoral 
capital epiphysis after traumatic dislocation of the hip reported by Elmslie (1919), 


TABLE I 


A SUMMARY OF CASES OF AVASCULAR NECROSIS OF FEMORAL CAPITAL EPIPHYSIS AFTER 
TRAUMATIC DISLOCATION OF THE HIP 


Interval 
| Interval between injury 
reduction necrosis 
(months) 
Banks 1941 12 M Anterior 9 — 15 
Bohler 1957 8 F. Posterior 8 days 12 
|. 1982 14 F — — 
Elmslie | 1919 4 M Posterior. 1 week 15 
Elmslie 1932 : 7 F Posterior 1 week 9 
Fairbank . 1924 104 M Posterior 3 days 7 
Goldenberg 1938 104 M Posterior 1 week 28 
Kleinberg 1939. 15 M Posterior _ 13 
Mutschler 1939 13 M Posterior — r2 
Phemister 1934 14 F Posterior — 11 
Quist-Hanssen 1945 4 M Posterior 3 days e: 
Rehbein 1922 8 M Posterior 1 day 12 
Watson-Jones 1940 14 F Posterior 1 day 3 


In all cases deformity of the femoral head of the type associated with Perthes’ disease developed. 


Rehbein (1922), Fairbank (1924), Elmslie (1932), Chandler and Kreuscher (1932), 
Phemister (1934), Goldenberg (1938), Kleinberg (1939), Mutschler (1939), Banks (1941), 
Quist-Hanssen (1945), Watson-Jones (1940), and Béhler (1957) (Table I). The age of the 
patients varied from four to: fifteen years. There were eight boys and five girls. The 
side of the dislocation was stated in only five cases (three right and two left). . The 
dislocation was posterior in eleven patients, anterior in one and central in one. The interval 


* Paper read at the annual meeting of the Canadian Orthopaedic Association, St Marguerite, Quebec, Canada, 
on June 29, 1959. 
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between injury and reduction was given in eight case reports: the shortest was one day, the 
longest eight days. The time interval between the injury and the diagnosis of avascular 
necrosis varied from three to twenty-eight months. All the patients had consequent radiographic 
deformity of the head and neck of the femur. The radiographic appearances led early observers 
to consider a causal relationship between trauma and Legg-Perthes’ disease. : 2 


Fic. | Fic. 2 
Figure 1—Initial radiograph before reduction. Figure 2—Immediately after reduction (in plaster). 


Fic. 3 


Two months later on removal of plaster. There is uniform, increased radio- 
opacity of the left femoral capital epiphysis, compared with the unaffected side. 


CASE REPORT 


In July 1958 a seven and a half-year-old boy’s left hip was injured when a larger boy fell 
on him during play. When seen two hours after injury he had severe pain in the hip. The 
lower limb was held flexed and adducted, and there was a bony prominence in the left buttock. 
There was no evidence of damage to nerves or vessels. The radiograph (Fig. 1) showed a 
posterior dislocation of the left hip without fracture. Three hours after injury, under general 
anaesthesia with sodium pentothal and Flaxedil, the dislocation was reduced by flexion of the =. 
hip and knee and traction on the thigh with the pelvis held by an assistant. Reduction was a 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 
d 
| 


AVASCULAR NECROSIS OF THE FEMORAL CAPITAL EPIPHYSIS IN CHILDREN 45 


moderately difficult. The hip was immobilised in a plaster spica in extension and abduction. 
The radiograph (Fig. 2) showed concentric reduction. Radiographs taken two days, one week 
and three weeks after the injury showed maintenance of reduction. The plaster was removed 
after eight weeks. At that time radiographs (Fig. 3) showed uniform, increased radio-opacity 
of the left femoral capital epiphysis as compared with the unaffected side. A diagnosis of 
avascular necrosis of the left femoral capital epiphysis was made and the patient was kept in 
| bed. One month later radiographs showed no change in the appearance of the left hip, and 
the patient was allowed up with crutches and a sling for the affected leg. Two months after 


Fic. 4 
Five months after dislocation the hip appears normal. 


Fic. 5 
Appearance of hips one year after the injury. 


‘his there was a full painless range of motion in the left hip, and a radiograph at that time 
(Fig. 4) showed a normal appearance of both hips. The patient was not allowed to bear 
‘eight on the affected leg until six months after the injury. Since then his hip has remained 
‘ inically and radiologically normal. The appearance of the hips one year after the injury is 
in Figure 5. ~* 


DISCUSSION 


| The normal vascular anatomy of the femoral capital epiphysis has been described by 
'y ~ rueta (1957). At the age of seven and a half years the proximal femoral epiphysis is supplied 
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with blood by the lateral epiphysial arteries which enter the epiphysis posteriorly and laterally, 
and by arteries in the ligamentum teres. That avascular necrosis of the femoral capital 
epiphysis should occur after posterior dislocation of the hip at this age is not surprising, 
indeed it is almost to be expected. The patient described developed avascular necrosis of the 
upper femoral epiphysis after traumatic posterior dislocation of the hip, which was diagnosed 
eight weeks after injury, despite early and maintained concentric reduction. It is of significance 
that within five months of the injury the proximal femoral epiphysis regained normal 
radiographic density without fragmentation or collapse. Replacement of the epiphysis in 
Legg-Perthes’ disease does not occur so rapidly, and usually there is some resultant deformity 
of the femoral head and neck. Ponseti (1956) believed that avascular necrosis in Legg-Perthes’ 
disease was secondary to a primary pathological process in the epiphysial plate. Legg-Perthes’ 
disease differs fundamentally from avascular necrosis after traumatic dislocation of the hip; 
in the latter condition the epiphysial plate may be normal and replacement of the epiphysis 
can occur in a surprisingly short time with adequate treatment. 


SUMMARY 


1. The case history of a seven and a half-year-old boy who developed increased radiographic 
density of the femoral capital epiphysis after traumatic dislocation of the hip is presented. 

2. The authors have been able to examine the case reports of thirteen similar cases presented 
in the literature. 

3. The case presented is felt to be of interest because avascular necrosis was diagnosed early, 
and the radiographic appearance of the hip became normal five months after the injury. 
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TRAUMATIC DISLOCATION OF THE HIP WITH 
FRACTURE OF THE SHAFT OF THE IPSILATERAL FEMUR 


THOMAS G. WADSWORTH, LIVERPOOL, ENGLAND 


From the Royal Liverpool Children’s Hospital, Liverpool 


_ Traumatic dislocation of the hip with a fracture of the shaft of the femur on the same side 
is such a rare injury that, although there are several reports of single patients, only two surgeons, 
Dehne and Immermann (1951), have reported treating a number of patients. Sir Astley Cooper 
in 1823 was the first to record the successful treatment of this condition. His patient, a boy 
of sixteen, had a fracture of the mid-shaft of the femur and a posterior dislocation of the hip. 
lt was thought that the dislocation could not be reduced until the femoral fracture had united, 
and, five weeks after the injury, the dislocation was reduced in half an hour using pulley traction. 
Watson-Jones (1955) has stated recently that the fracture should first be reduced, and 
immobilised by internal fixation, before the hip is reduced. 

Henry and Bayumi (1934) reported a patient aged sixty-four whom they first saw three 
weeks after injury and who had a fracture of the shaft of the femur and a dislocation of the 
hip; an attempt at closed reduction of the latter was unsuccessful and open reduction was 
performed. They found in the literature individual reports of fifteen other patients of whom 
seven had a successful closed reduction; one had an open reduction; in seven the dislocation 
was not reduced and in one reduction was doubtful. The youngest patient was eight and the 
eldest sixty-four years old. : 

Dehne and Immermann (1951) treated seven patients with this combined injury and 
gathered information on nine others treated by various surgeons. In only seven of these 
sixteen patients was the dislocation diagnosed soon after the injury. Closed reduction of the 
dislocation and open reduction of the fracture was successful in three, manipulation was 
successful in one with the help of skeletal traction through the tibial tubercle, two had open 
reduction of the dislocation and of the fracture, and the remaining patient had an open 
reduction of the fracture, but closed reduction of the dislocation failed (no further information 
was given). In the other nine patients the dislocation was recognised late. Open reduction 
of the dislocation was done in six, five of whom were left with marked stiffness in the hip; 
a sixth was treated after reduction by skeletal traction and was not allowed to bear weight 
for nearly three years and gained good hip movements; three patients had an arthrodesis 
of the hip, which was unsound in one. All these patients were adults, the youngest being 
twenty-one and the eldest forty-three years. old. | 

Ingram and Turner (1954) reported a youth of seventeen who had bilateral dislocation 
of the hips with bilateral fractures of the femoral shafts, the reduction being done by skeletal 
traction through the greater trochanters. Wiltberger, Mitchell and Hedrick (1948) reported a 
man aged thirty-five who had a posterior dislocation of the hip and a fracture of the upper 
‘hird of the shaft of the femur. They reduced ghe hip only after fixing a lever to the greater 
iochanter by two pins and applying skeletal traction through the tibial tubercle. 


CASE REPORT 


A healthy boy aged three years and three months was admitted to the Royal Liverpool 

( hildren’s Hospital after having been knocked down in the street. 
On examination his general condition was good. The left leg was held slightly medially 
‘ tated and adducted and the thigh was swollen. There was shortening of the leg. Movements 
the left hip were restricted and painful, and crepitus could be detected in the thigh. There 
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was no damage to important nerves or arteries. The pelvis was apparently intact, and there 
was no evidence of other injury. 

Radiographs showed a transverse fracture of the middle third of the shaft of the femur 
with displacement and slight angulation. The hip was dislocated and the head of the femur 
was displaced upwards and backwards (Fig. 1). i 

Reduction of the fracture and the dislocation was done under general anaesthesia. The 
patient was supine and the pelvis was held by an assistant; the lower half of the thigh was 
grasped just above the knee and pulled, with the hip flexed to about 70 degrees. The greater . 
trochanter was also pressed firmly downwards and forwards in the line of the femur and the 
thigh was adducted; the head of the femur was felt to slip quite easily intothe acetabulum. The ; 
leg was immobilised in a Thomas’s splint with skin traction for six weeks (Fig. 2), when the ; 


Fic. Fic. 2 
Figure 1—Radiograph of a boy with a dislocated hip and a fractured shaft 
oe of femur on the same side. Figure 2—Six weeks after the injury the hip is 


satisfactory and the fracture is uniting. 


child was allowed to move freely in bed for a further six weeks before starting to walk. Seven 
months after the accident he was walking normally. There was.no shortening, the htp 
movements were normal and there was no evidence of avascular necrosis of the femoral 


head, or of subluxation, in the radiograph. 


DISCUSSION 
The rarity of the combination of fracture of the shaft of the femur and traumatic 
dislocation of the hip is indicated by the paucity of published cases. It is, however, important 
to remember that the two injuries can occur together, for in only seventeen out of forty-four 
patients was the dislocation diagnosed at the same time as the fracture. The unfortunate 
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results of this have been pointed out by Dehne and Immermann. Thorough examination 
of the hip should be made in every patient with an injury to the leg and dislocation will be 
suspected when the greater trochanter is displaced and confirmed radiologically, but no 
reliance can be placed on an antero-posterior radiograph alone. ” 


SUMMARY 


1. A brief summary is given of the literature on patients with a dislocated hip and a fractured 
femur on the same side. 7 

2. One further patient is reported, treated by closed reduction of the hip and the fracture. 

3. A warning is given on the frequency with which the dislocation is not Cagnqeee in this 
double 


I wish to thank Professor Bryan McFarland for assisting me to publish this account. 
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DISPLACEMENT OSTEOTOMY IN THE TREATMENT OF 
OSTEOARTHRITIS OF THE HIP 


E. A. NICOLL, MANSFIELD, and N. T. HOLDEN, LONDON, ENGLAND 
From Mansfield General Hospital and Harlow Wood Orthopaedic Hospital 


Osteoarthritis is one of the oldest afflictions both of animals and mankind. Its stigmata 
have been found in the skeletons of prehistoric animals, and Ruffer (1921) described examples 
from the tombs of ancient Egypt. No race is exempt from the disease, and throughout the 
centuries old age has been typified by the figure of a man crippled with arthritis. The etiology 
of the condition has for many years been the subject of speculation and controversy. During 
the last decade the Oxford school under Trueta has made a valuable contribution to our 
knowledge of the pathological processes involved. Trueta and Harrison (1953) demonstrated 
that, contrary to accepted views, the blood supply to the head of the femur does not usually 
decrease with advancing years. Harrison, Schajowicz and Trueta (1953) suggested that in 
osteoarthritic hip joints the pathological process begins in articular cartilage and advances 
most rapidly in peripheral segments of the weight-bearing areas of the femoral head as a 
result of hyperaemia of the underlying bone secondary to degeneration of the cartilage. In 
this manner they explained osteophyte formation in the non-weight-bearing areas; excessive 
use wears away the central weight-bearing area of cartilage and exposes the cancellous bone 
which becomes eburnated. Subchondral hyperaemia makes it give way and produces flattening 
of the femoral head. Their words are apt: “‘ What is so damaging in osteoarthritis seems to 
be not the degeneration of the cartilage but the vigorous and persistent attempt at repair, an 
attempt which aggravates the already disordered function of the joint, not only by osteophytic 
formation but by hypervascularity which weakens the structure of the bone beyond the point 
where it can carry its increased load.” This new concept of etiology has an important bearing 
on the mechanism whereby displacement osteotomy produces its effect on the osteoarthritic 
hip. 

DEVELOPMENT OF FEMORAL OSTEOTOMY 

Lorenz performed osteotomy of the upper femoral shaft for a variety of conditions, but 
in 1923 and 1925 he mentioned the place of osteotomy of the femur in the treatment of ununited 
fractures of the femoral neck and arthritis deformans. Good results in the treatment of 
arthritis deformans were reported by Hass (1927 a and 5); he was a pupil of Lorenz to whom the 


operation of displacement osteotomy of the femur for osteoarthritis of the hip should be 


attributed. 


Hey Groves (1933) reviewed the methods available for relief of pain in the diseased hip 


joint. He considered that osteotomy was indicated in patients with a varus deformity or with 
a degree of subluxation evident on radiographic examination. He also pointed out that 
excessive shallowness or depth of the acetabulum predisposed to the development of arthritis. 

McMurray (1935) described an osteotomy above the level of the lesser trochanter with 
medial displacement of the femoral shaft in the treatment of unilateral osteoarthritis of the 
hip. He named his method a “* Lorenz procedure.” 

Malkin (1936) recorded his results in twelve patients. The method is described as 
‘“‘a simple trochanteric osteotomy. The femur is divided at the level of, or just below, the 
small trochanter. If the main deformity is adduction the bone is divided in a plane slightly 
oblique from without downwards and inwards. When the main deformity is external rotation, 
the division of the bone is transverse with no obliquity, the shaft being then rotated the 
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required amount.” In these early cases he was operating primarily for the relief of contracture, 
but he observed that in patients so treated the pain was also relieved. This led him to 
advocate wider use of the operation for the relief of pain. The published results by these 
two surgeons were: 


Number Pain Pain Pain not Too early 
of cases. abolished relieved relieved to assess 
McMurray 15 12 — 3 — 
| Malkin 12 8 2 — 2 . 


The present series includes forty-three cases operated on by Malkin. 


SCOPE OF REVIEW AND CRITERIA OF ASSESSMENT 


This paper presents an assessment of the results of displacement osteotomy of the upper 
end of the femur in 195 cases of osteoarthritis of the hip. An attempt has been made to 
formulate the indications for the operation and the disadvantages of it. Throughout the 
review, relief of pain has been regarded as the main objective of the operation. In order to 
ensure a uniform standard of assessment, all except two patients were examined by one of 
us (N. T. H.), and up-to-date radiographic examination was made in all but three. Each 
patient was asked why the operation was advised. To this nearly every one replied: “ because 
the pain in my hip was becoming unbearable” or words to that effect. In answer to a second 


’ question, “* why did you go to your doctor in the first place?’ the answer was “ because of 


pain in the hip.”’ It was clear that the vast majority of patients sought medical advice because 
of pain and very seldom because of limitation of movement or deformity. Patients become 
remarkably well adapted ,to stiffness; it is persistent pain that drives them to the surgeon. 
Arthrodesis seeks to relieve this at the expense of abolishing such useful movement as may 
still be present; but more than half the patients have between 60 degrees and 90 degrees of 
flexion when they seek surgical relief, and in elderly patients loss of this movement is a handicap 
that should be avoided if at all possible. 

Displacement osteotomy aims to relieve pain without diminishing the existing range of 
movement, either of the hip or of the knee, at the same time correcting any contracture that 
may be present. 

No case was reviewed less than one year after operation, and 48 per cent of the patients 
have been followed up for more than five years. The data to be collected in each case were 
resolved into a list of 103 factors which were transferred to a punch-card to facilitate subsequent 
analysis. 

Because it is the most accurately determined movement and the last to be affected in the 
osteoarthritic hip, flexion was selected as an index of mobility for the purpose of analysis. 

lexion is also the movement most noticeable to the patient because its loss causes the greatest 
interference with function. In the absence of contracture a limitation of abduction, adduction 
and rotation is seldom noticed by the patient. 

The method of assessment elaborated by Shepherd (1954) in her review of arthroplasty 
was tried but discarded as impracticable for the present series, in which relief of pain rather 
than the effect on mobility was the main purpose of the operation. For effect on pain three 
categories were decided upon: 1) abolished; 2) relieved but not abolished; 3) same or worse 
than before operation. The criteria of patient’s assessment, however, are based on those used 
by Shepherd. Her four categories in reply to the simple question, “ Are you satisfied with 
the result of the operation?’ were: 1) enthusiastic yes; 2) yes, but . . .; 3) doubtful; 4) not 
worthwhile. In the present review these have been condensed into 1) enthusiastic yes; 2) yes, 
but . . .; 3) not satisfied. 
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“* Enthusiastic yes ” and “ not satisfied ” leave no doubt as to their meaning. “* Yes, but...” 
indicated that the operation had been considered to be worth while but that there was some 
remaining dis:bility which it had been thought would be removed, or that some new disability 
had arisen, such as a stiff knee, which had not been expected. 

The operation can therefore be assessed by: a) its ability to relieve pain without 
diminishing the existing range of movement; 5) whether or not the patient is satisfied. 


Fic. 1 Fic. 2 


Figure 1—Example of shallow acetabulum in a woman aged twenty-eight. Figure 2—Example of deep 
acetabulum in a woman aged twenty-six. Each hip was symptomless. 


ARCHITECTURE OF THE ACETABULUM 


The architecture of the acetabulum, as mentioned by Hey Groves (1933), is considered 
to be a predisposing factor in osteoarthritis. A random survey of 350 normal hips of individuals 
aged between twenty and forty years was made to ascertain the frequency of deep and shallow 
acetabulae in the normal population. Examples are shown in Figures | and 2. Of the 350 hips 
(208 male, 142 female) there were only two (0-6 per cent) which were considered to be outside 
normal limits. One was deep and the other shallow, and both were in females. Of the 195 
arthritic hips in the present series twenty-two (11-3 per cent) showed extremes in the above 
variations. This is nineteen times higher than in the normal population. The incidence of 
shallow and deep acetabulae was equal (eleven in each). Seventeen of the twenty-two were in 
females. The greater incidence found in the arthritic series confirms that extremes of either 
depth or shallowness in the acetabulum predispose to osteoarthritis and that these abnormalities 
in architecture are more common in the female hip. 


ANALYSIS OF MATERIAL 


Of the 195 cases, 53 per cent were in women and 47 per cent in men. The duration of 
symptoms and the ages at operation are shown in Table I. In each group the incidence of 
osteoarthritis of the hip was greatest between the ages of forty-one and sixty-five years. In the 
whole series 67 per cent were in this age group at the time of operation. There were thirty-six 
patients (18 per cent) with arthritis of both hips, the second hip usually becoming involved 
some years after operation on the first hip. Only two of these patients had had a subsequent 
osteotomy on the second hip and there was an interval of several years between the operations. 
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TABLE I 
OSTEOARTHRITIS OF THE Hip TREATED BY OSTEOTOMY: 
DURATION OF SYMPTOMS AND AGE AT OPERATION . 


Duration of symptoms Number Age at time of operation 
before operation of cases Under 41 41-65 Over 65 
Less than S years . 122(626%) 20(164%) 79(65%)  23(186%) 


years 48 (246%) (125%) (771%) 5 (10-4 %) 
More than 10 years . 25 (128% 5 (20%) 15 (60%) § (20%) 
Total. . 195(100%) 31016%) 131(67%) 33017% 
TABLE II 
Types OF ARTHRITIS OF THE Hip RELATED TO AGE 7 
Age (years) 
Type of arthritis Number __— Per cent 
Under 41 41-65 Over 65 
> Perthes’ disease. 18 9-2 12 5 
§ Slipped epiphysis 12 6-2 3 8 i 
Paget’s disease . 5 2-5 — 2 3 
2 Congenital subluxation 6 3-1 3 2 
Traumatic dislocation. 4-0 2 5 
Fracture neck of femur 6 31 
Low-grade infeetion . 24 12-4 9 11 4 
195 30 131 34 
100-0 15-4 67 17-6 
‘TABLE Ill 
RESULTS OF OSTEOTOMY IN RELATION TO TYPES OF ARTHRITIS 
| Effect on pain Patient’s assessment 
| Same or Emphatic ‘Not 
Type of arteritis Number Abolished Relieved waves yes Yes, but... satisfied 
Number Number Per Number Number Pe" Number Pet Number Pet 
Primary osteoarthritis . 116 63 54 41 |36| 12 10 73 63 | 28 15 
o Perthes’ disease. . 18 9 530; 6 |334 3 166 12 667 4 (22-2) 2 
Slipped epiphysis . 12 5 41 | 61901 4 
Traumatic dislocation. 8 - 1 (125 — |—| 41901 31375 
Fracture neck of femur 6, 3 4 67 2 333 — |— 
© Low-grade infection . 24 14 58 6 2 4 16 15 625 5 208 4 /|167 
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In the others the symptoms in the second hip had not been considered severe enough, up to 
the time of review, to justify operative treatment. Patients with bilateral arthritis were confined 
almost exclusively to the age group forty-one to sixty-five years. 

The purpose of the operation was to relieve pain without sacrificing movement. Using this 
as a criterion of success, pain was abolished in 51-8 per cent of cases and relieved in 36-4 per cent, 
making a total of 88-2 per cent with worthwhile relief (Table III). However, these figures 
require additional analysis because in sixty-six patients (34 per cent) the result of the operation 
was ankylosis of the joint. This is elucidated in subsequent Tables. In sixteen patients (8 per 
cent) pain was relieved completely for a period, but returned within ten years. In five of these 
a second operation was performed. 

Non-union of the osteotomy was found in only one case, but even in that patient the result was 
excellent; pain was abolished and a range of hip flexion of 100 degrees was retained; clinically 
it was a firm fibrous union. | 

Delayed union, assessed radiographically six months after operation, occurred in six patients, 
the commonest cause being lack of contact between the fragments by reason of excessive 
displacement. These figures compare favourably with those of Osborne and Fahrni (1950), 
who reported three cases of non-union in seventy-five operations. 

Classification of osteoarthritis—The cases were classified under two main categories: |) primary 
osteoarthritis, and 2) arthritis secondary to antecedent cause. Low-grade infection, considered 
to be a definite entity, was included in the latter group. 

From Table II it is.noted that about 60 per cent of the cases were of the primary or 
idiopathic type. Two-thirds of the patients were in the age group forty-one to sixty-five years. 
Perthes’ disease, as a predisposing factor, accounted for 9-2 per cent of the series and for 
40 per cent of all patients presenting themselves under the age of forty-one years. 

The effectiveness of the operation in relieving pain and giving satisfaction to the patient 
showed that in 52 per cent (101 cases) the pain was abolished and in 36-4 per cent (seventy-one 
cases) it was relieved (Table III): 87 per cent of the patients were satisfied with the result, and 
of these, 62 per cent were emphatic in their approval. There was no significant difference in 
behaviour between the various types of arthritis. 

If the main purpose of the operation is to relieve pain, then all patients in whom pain 
was abolished might be expected to fall into the ““ emphatic yes” group. In fact, this was not 
so, and Table IV shows that there is not complete conformity between “ effect on pain” 
and “* patient’s assessment.” Sixteen of the 101 patients in whom the pain was abolished 
were not completely satisfied. These cases were therefore analysed separately in an attempt to . 
discover the undesirable side effects that. might spoil an otherwise good result. There were 
two main reasons for dissatisfaction: ankylosis of the hip and stiffness of the knee. 

In eléven cases the hip joint became ankylosed whereas the patient had been told and 
had expected that it would be as movable as before the operation. In other words the surgeon 
had unintentionally achieved an arthrodesis, which is a good operation when it is indicated 


_and is deliberately planned and has been explained to the patient beforehand, but is not 


necessarily so satisfactory from the patient’s point of view when achieved as it were by accident. 

In seven patients, including two in the last group, a previously normal knee became stiff 
and painful after immobilisation in plaster. Since the patient depends on a mobile knee to 
compensate for a stiff hip, this is a disastrous complication. It is in order to prevent these 
undesirable complications that for the past eight years we have used internal fixation with 
early active movement of the hip and knee joints instead of external fixation in a plaster spica. 
The results of this are considered later. 

It is obvious that if ankylosis occurs this might account for the relief of pain, as in 
arthrodesis. Table V shows, in fact, that bony ankylosis resulted in abolition of pain in 
90 per cent of cases, which approximates to the results for arthrodesis (94 per cent according 
to Watson-Jones and Robinson (1956)). In fibrous ankylosis, on the other hand, the relief 
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of pain is not significantly different from that obtained in the series as a whole. It is therefore 
misleading to include cases of bony ankylosis in any assessment of the results of displacement 
osteotomy, because to do so would be to give the operation a credit that more properly 
belongs to another operation (arthrodesis) which has been achieved quite unintentionally. 


TABLE IV 
EFFECT OF OSTEOTOMY ON PAIN COMPARED WITH THE PATIENT’S ASSESSMENT OF THE RESULT 
Patient's assessment 
Effect on pain é Total | Per cent 
Emphatic yes Yes, but... Not satisfied 
Abolished. 13 3 | 101 51:8 
Relieved 34 27 10 
Same or worse 2 9 4 12 ! 23 11-8 
49 25 195 100 
Percent . 62 25-2 
TABLE V 


COMPARISON OF THE EFFECT OF OSTEOTOMY ON PAIN WHEN THE OPERATION CAUSED ANKYLOSIS 
AND WHEN IT DID NOT 


Effect on pain 
series Abelished Relieved Same or worse 
Bony ankylosis . 31 15-9 90% (28) > 
Fibrous ankylosis 35 18 51-4%, (18) 28-6 % (10) > 
Remainder of cases 4 129 66:1 426%, (55) 45%, (58) 12-4% (16) 
Whole series. 195 100 (101) (71) 11-8% (23) 
TABLE VI 
RESULTS OF OsTEOTOMY EXCLUDING THIRTY-ONE CASES OF BONY ANKYLOSIS 
Effect on pain Patient’s assessment 
Category Number Percent Category Number Per cent 
Abolished 73 445%, Emphatic yes . % 58-5% 
Relieved. 68 41:5% Yes,but... . 45 275% 
Same or worse. 23 140% Not satisfied . 23 |. 1462 
Total . 164 100-:0°% Total . 164 100-0 % 


Incidentally, of the 34 per cent of cases ending in ankylosis, which is perhaps a surprisingly 
large proportion, only in one half was it a bony ankylosis; the other half would have been 
better off with arthrodesis because, having lost all hip movement, only ‘51 per cent, instead of 
90 per cent, were completely relieved of pain. 

When. the operation acts in its own right, and not as an accidentally achieved arthrodesis, 
the results are less favourable (Table VI). Nevertheless they still seem good enough to make 
ita worthwhile procedure. Pain is abolished in 44-5 per cent of cases and substantially relieved 
in another 41-5 per cent, making a total of 86 per cent in which the purpose of the operation 
was achieved. Of all the patients, 58-5 per cent were entirely satisfied with the results. 
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TABLE VII 
RELATIONSHIP BETWEEN POST-OPERATIVE ANKYLOSIS AND TYPE OF ARTHRITIS 
Post-operative ankylosis Per cent of 
Type of arthritis total cases 
Bony Fibrous Total in group 
Primary osteoarthritis ‘ 15 20 35 30 
Perthes’ disease . 3 4 22 
© Slipped epiphysis 2 3 25 
Paget's disease . — 20 
2 Congenital subluxation 2 — 2 33 
Traumatic dislocation . 12-5 
g Fracture neck of femur — 4 4 66 
Low grade infection 7 16 66 
Totals . : ‘ . 31 35 66 34 
TABLE VIII. 


RELATIONSHIP BETWEEN POST-OPERATIVE ANKYLOSIS AND PERIOD OF POST-OPERATIVE 
FIXATION IN PLASTER 


; | Period of fixation in plaster 
Ankylosis | Number Over 3 months None 
| 3 months or less (internal fixation) 
Bony . - | 31 23 6 2 
Fibrous. 35 23 9 3 
Totals 66 15 5 
Percent of allcasesingroup 39-5 32:8 16 
TABLE IX 
RELATIONSHIP BETWEEN POST-OPERATIVE ANKYLOSIS AND PRE-OPERATIVE RANGE OF HIP FLEXION . 
(Fifty cases of post-operative ankylosis in which pre-operative flexion range was recorded) 
g Pre-operative range of hip flexion 
Ankylosis Total cases 
More than 90 degrees 45-90 degrees Less than 45 degrees 
2 20 22 
Fibrous. 11 17 28 
Total ; — 13 37 50 
Percent . — 26 ae 100 
In the remaining sixteen cases of post-operative ankylosis the range of hip flexion before 
operation was not recorded. 
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Another 27-5 per cent were satisfied with reservations. This makes 86 per cent who thought 
that the operation had been worth while. 

An attempt was made to ascertain the type of case in which post-operative ankylosis was 
most likely to occur (Tables VII, VIII and IX). It was found that this was significantly higher 
in arthritis secondary to low-grade infection and to healed fracture. It was twice as high 
when after osteotomy the limb was immobilised in plaster as when internal fixation was used 
. without plaster immobilisation. Furthermore it was definitely related to the amount of 
~ flexion movement present before operation. Of the hips that became ankylosed 74 per cent 
had less than 45 degrees of'flexion before operation. In other words, there is a likelihood of 
ankylosis after osteotomy when there is less than 45 degrees of flexion range, particularly if 
the limb is immobilised in plaster for three or four months after operation. 

Many operative procedures on the osteoarthritic hip such as neurectomy, arthroplasty 
and capsulectomy have been acclaimed for the relief of pain; but this is often short-lived. 
What is of first importance to the patient is the durability of the relief. Table X shows that 
after successful osteotomy, excluding those patients in whom an arthrodesis developed, there 
was no deterioration in the long-term results. In fact, the really long-term cases, reviewed 
after ten years, showed the best results of the series. 

Until recently the routine post-operative treatment of displacement osteotomy consisted 
of three to four months’ immobilisation in a plaster spica, and it has frequently been claimed 

that this does not significantly affect the final range of hip or knee movement. This is not 


TABLE X 
RELIEF OF PAIN AFTER OSTEOTOMY ON THE OSTEOARTHRITIC HIP IN THREE, FivE AND TEN YEARS’ FOLLOW-UP 
(Excluding those in whom bony ankylosis of the joint developed) 


Interval Per : Effect on pain Patient’s assessment 
operat 1) me or mphat ot 
and review series Abolished Relieved worse yes Yes, but... satisfied 
1-3 years. 60 36.6 367% (22) 45% (27) 183% (11) (34) 33:3%(20) 10% (6) 
3-S years. 26 15-8 462% (12) | 462% (12) 76% (2) 73:1% (19) 193% (5) 76% (2) 
5-10 years . 49 30 49° (24) | 367% (18) (7) 59-:2% (29) 204% (10) 20-4% (10) 
| Over 10 years 2917-6 $1-7% (15) | 38% (11) (3) (14) 345% (10) 172% (5) 
| Totals 164 100 (73) | 41-5% (68) 14% (23) (96) 27-5% (45) 14% (23) 
TABLE XI 
EFFECT OF EXTERNAL FIXATION ON RANGE OF HIP FLEXION IN 149 Cases oF DISPLACEMENT OSTEOTOMY 
Period of . Final range of hip flexion compared with pre-operative range 
Number 
post-operative fixation of 
of hip joint Significantly diminished Unchanged Significantly increased 
More than 3 months. 85 43 25 17 
3 months or less , 34 16 10 8 
Toms. - 119 » 59 (50% 35 (29%) 25 (21% 
Nil (internal fixation) 7 (25% 11 (39%) 1006%) 


In the remaining forty-eight cases in the series the range of pre-operative flexion had not been recorded. 


Significant diminution varied from 15 to 60 degrees and included the cases resulting in ankylosis (Table IX). 
Significant increase varied from 15 to 30 degrees. 
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borne out in the present series. The effect of immobilisation was investigated by comparing 
the pre-operative with the final range of flexion in two groups of cases (Table XI). In the 
first group (119 cases), treated by external fixation, the range of hip flexion was significantly 
diminished in 50 per cent of cases, unchanged in 29 per cent and improved in 21 per cent. 
In the second group (twenty-eight cases), treated by internal fixation with sling suspension 
and early active movement, hip flexion was diminished in 25 per cent of cases, unchanged in 
39 per cent and improved in 36 per cent. In both groups the incidence of post-operative 
ankylosis was high (29 per cent and 27 per cent respectively) whenever the pre-operative range 
of hip flexion was 45 degrees or less. The important fact emerging from this comparison ts 
that significant loss of hip flexion movement occurs twice as frequently after external fixation 
as after internal fixation. 


Fic. 3 Fic. 4 
Figure 3—Displacement osteotomy with internal fixation. Recumbency for two months with sling suspension 
and early active movement. Figure 4—Same patient as in Figure 3, five months later. Sound union with no 
change in position. 


In 24 per cent of the cases flexion movement of the joint appeared to improve after 
operation, as much as 30 degrees increased range being recorded in some patients. This 
apparent increase is at first sight difficult to explain, because the operation does nothing to 
the contracted capsule that is responsible for the stiffness. The explanation is that a range 
of movement previously inhibited by pain is released. If all patients are examined under 
anaesthesia before operation there is often a substantial addition to the range of movement 
that is demonstrable in the conscious patient. This difference is a measure of the improvement 
that may occur if pain is relieved. 

The most important hazard of external fixation in elderly subjects, however, is damage to 
the knee (Table XII). Approximately one-third of all patients immobilised in plaster were 
affected. The danger of permanently decreasing the range of knee movement is a real one, 
and it is a severe disability when the hip is already stiff. The operation should therefore be 
planned to avoid fixation of the knee. In patients so treated (Figs. 3 and 4) only 12 per cent 
lost any significant range of knee movement, as compared with 31 per cent when there was 
fixation in plaster. 
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For many years it was thought that the operation succeeded because of some effect on 
the mechanics of the hip joint resulting from medial displacement of the shaft. In the present 
series there were thirteen cases with either minimal or no displacement of the shaft, four’of 
which resulted in bony ankylosis. The remaining group of nine patients is admittedly small 
for valid comparison, but the results were not significantly different from the rest of the series 
(Table XIII). Nor does it seem to matter whether the distal fragment is abducted. In seventy 


3 TABLE XIll 
KNEE FLEXION: EFFECT OF POST-OPERATIVE IMMOBILISATION ON 155 PreviousLy NORMAL KNEES 


Post-operative range of knee movement 


Number 
of cases Fullor — 45-90 Less than 
: nearly full degrees 45 degrees 
Immobilisation in plaster spica 131 89 (69%) 39 (28:7%) 3(2:3%) 


Internal fixation (no immobilisation of knee) 24 21 (87:5 3 (12:5%) 


TABLE XIll 
EFFect oF EXTENT OF DISPLACEMENT ON RELIEF OF PAIN, EXCLUDING Cases OF BONY ANKYLOSIS 
Effect on pain 
Extent of displacement — 
— Abolished Relieved Same or worse 
Less than one-third diameter 4 (444%) 3 (33:3 %) 2 (22:3 %) 
More than one-third diameter 155 69 (445°) 65 (41:9%) 21 (13-6%) 
Total ‘ ‘ 164 73 (445°) 68 (41-5°%) 23 (14%) 


TABLE XIV 


ANALYSIS OF CASES IN WHICH A PRE-OPERATIVE ADDUCTION CONTRACTURE 
WAS CORRECTED, EXCLUDING THOSE RESULTING IN BONY ANKYLOSIS 


Number en pain 
of cases . Abolished Relieved Same or werse 
28 (40°) 31 (44-3 11 (157%) 


cases in which pre-operative adduction contractures were corrected, thereby bringing the 
distal fragment into relative abduction, the results were not significantly different from those 
in the rest of the series (Table XIV). 

Nissen (1960) agreed that intertrochanteric myelotomy has not. yielded reliable results 
and that complete division of the bone with some element of displacement is necessary. The 
amount of displacement, however, appears to make no difference to the result; in fact, too 
much displacement may incur a risk of delayed union through lack of bone contact. Our 
present practice is to divide the bone transversely at or about the level of the lesser trochanter 
and to displage the shaft just enough to allow the introduction of a straight nail plate (Figs. 
3 and 4). This is usually between one-third and one-half diameter displacement. Contractures 
are corrected in the process—particularly lateral rotation—and the bone should be divided 
with a.saw, not an osteotome. The operation probably succeeds not by any mechanical 
effects but by inducing some biological change that arrests the “ vigorous and persistent 
attempt at repair’ regarded by Trueta and his co-workers as the really damaging factor in 


osteoarthritis of the hip. Spontaneous natural remission of symptoms is a well known 
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phenomenon in this condition, as it is in osteoarthritis of the knee and other joints; and when 
we understand the mechanism of such remissions, which must surely be biological rather than 
mechanical, we may well be on the way to understanding how displacement osteotomy works. 
Our present preoccupation is to establish that it does. 


SUMMARY AND CONCLUSIONS 
1. Almost all patients with osteoarthritis of the hip who consult the surgeon do so a 
they wish to be relieved of pain. They all have limitation of movement in varying degrees 
but most of them will be either unaware of it or will have accepted it. What is more important, 
they would not have sought medical advice because of stiffness if there had been no pain. 
The primary objective of operative treatment must therefore be to relieve pain. 
2. Displacement osteotomy will give substantial relief from pain in a high proportion of 
cases and the relief is lasting. Perhaps that explains why this operation, advocated by 
McMurray and Malkin twenty-five years ago, is being practised more widely than ever to-day 
while its competitors (neurectomy, capsulectomy, arthroplasty) have steadily diminished in 
popularity. 
3. The disadvantages of the operation are all related to post-operative immobilisation in 
plaster, which may induce further stiffness of the hip, even to the extent of ankylosis, or 
stiffness and pain in the knee. These disadvantages may be overcome to a considerable degree 
by internal fixation followed by sling suspension and early active movement. But when, under 
anaesthesia, the range of hip flexion is reduced to 45 degrees or less, the operation is always 
liable to result in ankylosis, and it is wise in these circumstances to take this possibility into 
account and warn the patient beforehand. 


This work was carried out while one of us (N. T. H.) was holding an appointment as Clinical Research Assistant 
under the Sheffield Regional Hospital Board. We wish to express our thanks to the many colleagues who so 
readily gave us access to their material and to the clinical secretaries whose help in tracing cases and arranging 


follow-up examinations was invaluable. 
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RADIOTHERAPY FOR OSTEOGENIC SARCOMA 


Rospert C. TUDWAY, BRISTOL, ENGLAND 
From the Bristol Royal Hospital 


The purpose of this paper is to consider the contributions of radiotherapy to the curative 


treatment of osteogenic sarcoma, in the light of the experience gained by the Bristol Bone 
Tumour Registry. 


f 
é 
id 


MATERIAL AND METHODS 


Between 1942 and 1946 nine tumours have been treated radically by radiation—that is, 

by doses of 5,500-8,000 rad$ given with the object of permanent cure. Over the same period 
7 fifty-one amputations were done for tumours without demonstrable metastases. 
The nine patients reported here are not all of those submitted to elective radiotherapy: 
.- in all, forty-one patients were so treated, but thirty-two are excluded because they received 
. only palliative doses of undef 5,000-5,500 rads. The tumours were classified histologically 
; into three grades according to the percentage of cells in mitosis. For this work it is essential 
to have the services of a histologist specially experienced in this field. He must be able to 
separate the Grade | gsteogenic sarcoma from other conditions malignant and benign such 
as chondrosarcoma, chondroblastoma, osteogenic fibroma, Abrous dysplasia, simple periosteal 
reactions, infection and exuberant callus. 


RESULTS 


In Table I the results obtained from the treatment of sixty tumours are classified according 
to their histological grading. The Table includes both cures and failures, and the results both 
of amputation and radiation. The numbers are small and some of the cases have been observed 


TABLE I 
| Sixty PATIENTS WITH OSTEOGENIC SARCOMA WITHOUT METASTASIS TREATED BY AMPUTATION OR RADICAL RADIATION 
Radiotherapy Amputation 
Histological Total number Total number 
grade Number Localdestruction Death Number of patients of patients 
of or ** cure ’’ of or local of Alive treated surviving 
patients tumour recurrence patients 

| q 6 4 2 7 5 13 9 

2 30 32 7 

3 I 0 I 14 0 15 0 

Total 9 4 5! 60 16 


for not more than three years. Sixteen patients (26 per cent) were alive three or more years 
| after treatment. If the twenty-eight patients with advanced disease seen during the same 
period are added to the failures the rate of survival falls to 17 per cent. 

It will be seen how important the histological grading is: nine out of thirteen patients | 
with tumours of Grade | treated by both methods are still alive, though one of them has ; 
pulmonary metastases. Only seven out of thirty-two patients with tumours of Grade 2 survive, 7 

and not a single patient out of fifteen with Grade 3 tumours is alive. | 
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The successes after amputation—Five out of seven patients with tumours of Grade | survived 
after amputation (Table II). In this group there was frequently some uncertainty of diagnosis 
in the early stages. In three of these five the original histology was inconclusive or atypical. 
Radiological appearances were typical in three, but clinical histories were often long. 


TABLE Il 
SURVIVORS AFTER AMPUTATION—GRADE | (Five PATIENTS) 
4 
In all cases the tumour was in the lower femur 


Age Date of Radiological 

Number Sex (years) operation Clinical features Pathological features etenen 

Inconclusive originally ; 
l Male 18 January 1942 Typical confirmed after Typical 
| amputation 
2 Female: 14 October 1944 Typical Typical osteoblastic Typical 
Debatable at first. 

3 Male 21 February 1944 Long history and Bristol Tumour Registry None special 


slow development confirmed sarcoma 


Diagnosed and treated as sarcoma 


as osteoclastoma 1951; Cystic lesion,| 
‘ Female 23 July 1953 tumour extended until a mgr 0 not typical 
1953, then amputation yP 
i ical t hint 
Male 8 October 1952 Swelling with little pain Typical 
TABLE Ill 
SURVIVORS AFTER AMPUTATION—GRADE 2 (Six PATIENTS) 
Age Date of Pathological Radiological 
Number Sex (years) operation Site Clinical features 
Atypical, 
Male 38 1949 Lower femur Typical 
suggested 
Typical, but Typical 
2 Female 36 1951 Y Lowerfemur sixteen months’ pleomorphic, Typical osteolytic 
history osteolytic 
September Pathological fracture Sarcoma in Paget’s disease 
3 Female 76 1952 Lower femur presentingsymptoms Paget's disease and sarcoma 
4. Female 53 May 1953 Tibia poet dlenies Typical osteolytic Typical 
5 Female 36 $May 1955 Upper tibia Typical Typical Typical osteolytic 
Osteolytic with Osteolytic with 
6 Male 22 a Upper tibia a oy tendency to tendency to 
P 8 chondrosarcoma chondrosarcoma 


Six out of thirty patients with tumours of Grade 2 survived after amputation (Table III). 
In most cases the histology was typical from the first. 
The successes after radiotherapy—Five out of the nine patients treated by radiation survived 
(Table IV). The first three were treated with deep x-rays; the last two by cobalt beam. Four | 
tumours were of Grade | and one was of Grade 2. The three earliest were tumours of the : 
humerus, and the first two of these were only diagnosed after some time. The first tumour 
was not discovered until biopsy was repeated; the second was treated as osteomyelitis for 
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RADIOTHERAPY FOR OSTEOGENIC SARCOMA 


-Deep x-ray used in Cases | to 3; cobalt beam in Cases 4 and 5 
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Age Date of Clinical Pathological 
Number Sex (years) treatment Site features features Grade features Comment 
, Male 13 February Lower Typical, but Osteoblastic | Diagnostic Hand useful; 
1946 humerus long history sarcoma of sarcoma _—_ elbow stiff 
First . Hand useful; 
Majority of Osteogenic 
2 Female 10 1949 advisory panel |! sarcoma 
Typical Firs 
Pain and osteolytic. 
February Lower was Hand useful; 
3 Male 60 pathological No viable cmp” 
1951 humerus fracture tumour after elbow stiff 
radiation er 
No local 
Local 
resection Typical 
4 Female 23 Rib 1953; osteoblastic of 
1958 
Pain and Typical Well; 
5 Male 47 Rib’. swelling for osteoblastic no local 
five months sarcoma recurrence 


some time until the diagnosis was revealed by biopsy. Both tumours received high doses of 
radiation, and both patients suffered local necrosis of bone as a result, but retained the arm 
and a useful hand. 


THE IMPORTANCE OF HISTOLOGICAL GRADING 
Diagnosis—Diagnosis is more difficult in all Grade | cases either by clinical, radiological or 
histological means. It was not possible to determine which tumours would be better treated 
by amputation or by radiation. 
Prognosis—Histological grading is the best indication of prognosis. 
probably do well with either method of treat- 
ment. The choice of therapy must be made on 
other grounds than chances of survival.’ 


A Grade | case will 


CASE REPORTS 


Case 1—A boy aged twelve complained of pain 
and swelling of the right elbow in April 1945. 
In November 1945, in Ceylon, a biopsy was 
done but the section showed signs only of 
“ osteitis fibrosa.”” This section is not now 
available. Symptoms increased and a second 
biopsy was taken in January 1946. A diagnosis 
of osteogenic sarcoma was made from this. 
The tumour was classified as Grade | (Fig. 1). 


Fic | 


of second biopsy. specimen, showing 
rade | osteogenic sarcoma. ( 225.) 


Case 1—Histolo 
appearances of 
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Fic. 4 Fic. 5 
Case 1—Radiological and clinical appearances. Figure 2—Radiograph of the elbow before treatment. Note 
the advanced changes in the lower end of the humerus, with involvement of the elbow and ulna. Figure 3— 
Radiograph of elbow one year after treatment. Note the fracture through the ulna. Figures 4 and 5—The 
forearm and elbow three years after treatment. Note the affection of the skin and evidence of subcutaneous 
, fibrosis. The hand, however, appears normal. 


Over five weeks in February and March 1946 a dose of 6,700 rads of deep x-rays was 
given. Upto February 1960 there has been no sign of recurrence of the tumour, but in October 
1946 the boy suffered a pathological fracture of the upper end of the ulna caused by 
radionecrosis. . This fracture in due course healed. The radiation also caused fibrosis of 
soft tissues and consequent stiffness of the elbow, though the hand retained excellent function. 
The radiological appearances before and after treatment are shown in Figures 2 and 3; the 
external appearance in 1949 is shown in Figures 4 and 5. | 
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Case 2—Histological appearances of tumour before radiotherapy (Fig. 6) and of necrotic bone two years after 
radiotherapy (Fig. 7). ( 225.) The tumour was classified as osteogenic sarcoma, Grade 1. 


ro. 8 . Fic. 9 
Case 2—Radiological appearances before treatment and six months after completion of radiotherapy. 


Case 2—A girl of nine complained of pain in the right shoulder in July 1948. The initial 
liagnosis by the orthopaedic sufgeon was osteomyelitis of the upper end of the humerus. 
3y May 1949, however, progress was clearly not as good as it should have been and biopsy 
vas done (Fig. 6). The histological diagnosis of osteogenic sarcoma was accepted by the 
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Case 3—Radiograph of humerus showing extensive 
destruction. 


Bone Tumour Registry, and the tumour was 
classified as Grade |. The upper arm was 
given a dose of 8,500 rads of deep x-rays 
over a period of three months from June to 
September 1949. There has been no recur- 
rence of the tumour, but in 1951 pathological 
fracture was caused by radionecrosis. The 
neerotic bone was then removed by local 
resection and replaced by a bone graft. 
Sections of this necrotic bone showed no 
evidence of recurrence of the tumour (Fig. 7). 
Improvement has continued since, with 
no signs of recurrence or métastases, though 
there is some restriction of movement at 
the shoulder. The radiological appearances 
before and after treatment are shown in 
Figures 8 and 9. 
Case 3—A man aged sixty complained in 
1950 of pain in the right arm above the 
elbow. Radiographs (Fig. 10) showed 
extensive destruction of the lower end of 
the humerus. In January 1951 the swelling 
of the lower end of the humerus was sub- 
jected to biopsy. Sections showed a Grade 2 


osteogenic sarcoma of osteolytic type arising in bone affected by Paget’s disease (Fig. 11). 
The tumour was treated by deep x-rays, a dose of 6,000 rads being given over a period of 


two months up to April 1951. 


At the end of 1955 there was recurrence of pain and swelling in the site of the tumour, 
and, recurrence being suspected, the arm was amputated in February 1956. Examination of 
the specimen showed radionecrosis of bone and only necrotic remnants of the tumour. The 


Fic. 11 


Fic. 12 


Case 3. Figure 11—Histological appearance of biopsy specimen. ( 225.) Osteolytic type of osteogenic 
sarcoma, Grade 2. Figure 12—Histological appearance of necrotic bone five years after treatment. (x 225.) 
Tumour cells dead and walled up in fibrous tissue. 
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hand could probably have been saved by local resection. The specimen taken five years after 
treatment showed no sign of tumour, except for a few degenerate cells apparently dead and 
walled up in fibrous tissue (Fig. 12). In most parts of the section only evidence of radionecrosis 
was to be seen. 
Case 4—A woman of twenty-two complained in 1953 of pain and swelling in the line of the 
eleventh right rib. This was locally excised and found to be an osteogenic sarcoma of osteoblastic 
type. It was classified as Grade 1. The swelling recurred in 1955 and was again excised. 
The tumour was found to be invading the diaphragm and surrounding tissues and the removal 
was incomplete. Radiation was therefore given, 7,100 rads being administered by cobalt 
beam over eight weeks. Up to December 1959 there had been no local recurrence or trouble 
with necrosis, but secondaries appeared in the lungs in 1958 and the general condition was 
rapidly deteriorating in February 1960. It is possible that since the tumour itself was locally 
destroyed by irradiation, pulmonary metastasis might not have occurred had such treatment 
been given in 1953. 
Case 5—A man of forty-seven complained in May 1955 of a pain in the region of the eleventh 
right rib. A swelling then developed which was locally excised in August 1955. Histological 
examination showed osteogenic sarcoma of osteoblastic type classified as Grade 1. 
Radiotherapy to the area was started atonce. A dose of 8,000 rads was given over ten weeks 
by the radio-cobalt unit. Up to December 1959 there has been no sign of recurrence of tumour 
or of damage to healthy tissues by the radiation, and the patient has remained very well. 


DISCUSSION 

It seems clear that many 6 the cases of ostecgenic sarcoma which may be cured by any 
method of treatment are locally curable by heavy doses of radiation. However, the radiation 
needed is heavy enough ‘to risk damage to normal tissues, such as excessive fibrosis and 
* necrosis of bone. This necrosis of bone is less likely with Co® or equivalent radiation, and 
the use of the cobalt beam or other supervoltage radiation is to be preferred. 

The lower limb, if much damaged in this way, may be a considerable handicap to the 
patient, and may be so inefficient that a good artificial leg will be more useful. The hand, 
however, has never been adequately imitated, so it is better to retain the upper limb whenever 
possible, in spite of the possible local disability when radiotherapy is used, and in spite of the 
need for close follow-up to watch for local recurrence. At thefirst appearance of definite evidence 
of local recurrence the arm must be amputated. Further radiation is impossible. Radiation 
may be the only practicable method of treatment in mafty tumours of the axial skeleton, 
ribs and sternum. ‘ 

If local necrosis of bone does occur the surgeon will need to resect the segment of bone, 
but may still save the limb. He may think local removal of the tumour a wise precaution in 
any case, when the reaction to radiation has settled. 

It is suggested that many more cases of osteogenic sarcoma of the upper limb should be 
treated by radiotherapy. This should be done in any hospital where there is a radiotherapist who 
is prepared to give high doses with modern machinery, such as 7,000—8,000 rads in eight to nine 
weeks with Co®®. Amputation is still the treatment of choice for sarcomata of the lower limb. 


SUMMARY 
1. Nine patients treated for osteogenic sarcoma by elective radical irradiation are reviewed. Five 
of the nine patients have survived for from three to fourteen years, but one patient has metastases. 
2. These results are compared with those from primary amputation. 
3. The importance of histological grading in prognosis is emphasised. 
4. It is concluded that radical irradiation should be considered in place of primary 
amputation for osteogenic sarcoma in the upper limb. 


| am much indebted to Dr C. H. G. Price, Secretary of the Bristol Bone Tumour Registry, for his help in 
assembling material from the Registry. 
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7 CRYPTOCOCCOSIS (TORULOSIS) OF BONE 
. | Report of a Case 


E. BEATRIX Durie and L. MACDONALD, SYDNEY, AUSTRALIA 
From the Royal North Shore Hospital, Sydney 


| A man aged forty-three was admitted to hospital on June 15, 1954, having complained 
| for about six weeks of a painful swelling on the front of the left leg. He was subject to severe 


headaches. 


an increasing cough for the past few years with whitish sputum which had been blood-stained 


; Previous history—This patient had been in hospital in August, 1951, when he complained of 


on two occasions. Three years before admission his tonsils had been removed. He had lost 


Fic. 1 


Radiograph of left tibia showing circumscribed 
areas of destruction in the mid-shaft of the 
tibia associated with a little periosteal swelling. 
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weight at the onset of his illness and had never 
regained it. There was no history of contact with 
tuberculosis. The reason for his admission to 
hospital was the development of “ bronchitis.” 
Sputum examined on several occasions showed no 
acid-fast bacilli, and cultures showed no growth 
of mycobacterium tuberculosis. The blood count 
was within normal limits. A radiograph was said 
to show extensive irregular opacities in both mid- 
zones, and to a less extent in both lower zones, 
and a translucent area in the left first anterior 
interspace which might represent a_ cavity. 
Laryngoscopy showed laryngitis and a stationary 
left vocal cord, thought to be caused by mediastinal 
involvement of the recurrent laryngeal nerve. A 
Mantoux test was weakly positive after ninety-six 
hours. 

In spite of the lack of bacteriological proof, 
a diagnosis of pulmonary tuberculosis was made 
and treatment with streptomycin and para-amino- 
salicylic acid was begun. Later the patient was 
sent to a sanatorium for six months and was treated 
with “* Rimifon.”” A psychosis developed and was 
thought to be due to this drug, but the patient 
recovered after receiving shock treatment. 
Present illness—Examination showed a fluctuant, 
tender swelling on the antero-medial aspect of 
the left leg, almost an inch in diameter, with 
a surrounding area of erythema. The regional 


lymph glands were palpable. Radiographs of the left tibia showed circumscribed areas of 
destruction in. the mid-shaft of the tibia, with a little periosteal swelling. Sarcoid, so-called 
osteitis tuberculosa multiplex cystoides, was postulated (Fig. 1). A radiograph of the chest — 
showed a generalised blotchy and profuse infiltration of both lungs with prominent and dense 
hila. The distribution was almost “ butterfly wing.” Although the condition might be 
considered tuberculous (and cavitation in the left axillary region could be present) the 
appearances were very suggestive of sarcoidosis. There was evidence of old pleurisy at the 
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right base laterally and at the left base medially (Fig. 2). A Mantoux:test was negative. The 
blood pressure readings were: systolic 190 millimetres of mercury; diastolic 110 millimetres 
of mercury. Repeated examination of the sputum showed no acid-fast bacilli in smear or 
culture. During his stay in hospital the patient’s behaviour was occasionally irrational, and a 
psychiatrist reported moderate hypomania without insight and with plausibility. 

On June 15, 1954, aspiration of the abscess yielded one cubic centimetre of blood-stained 
pus. Cryptococcus neoformans (torula histolytica) was grown from this and from succeeding 
specimens; smears showed polymorphonuclear pus and occasional encapsulated yeast-like 
bodies. No acid-fast bacilli were found in smears or in cultures on Loewenstein-Jensen 
medium. On July 5, 1954, the bone cyst that remained was curetted and blood-stained material 
zontaining fibrinous flakes was evacuated. Histological examination showed granulation tissue 


Fic. 2 


e Radiograph of chest showing generalised blotchy and profuse infiltration of both lungs 
with prominent and dense hila. 


containing some torula-like fungus. Figure 3 shows a smear of this material, with encapsulated 
yeast-like bodies; both cells and capsules were much smaller than those usually seen in 
cerebrospinal fluid or in sputum. Mice inoculated with the culture developed generalised 
torulosis, the torulae in sections being, of normal size (Fig. 4). No torula was grown from the 
patient’s sputum, nor from the cerebrospinal fluid during his stay in hospital. He was treated 
with potassium iodide, twenty drops of a saturated solution being given by mouth thrice daily. 


A sinus with a thin discharge persisted for two months, then healed and did not recur. The © 


‘eg was immobilised in plaster and a caliper fitted later. A radiograph on July 13, 1955, 
showed considerable reduction in the size of the cystic cavity in the left tibia. The patient was 
‘ast seen on July 19, 1955. He died two years later but the cause of death is not known. 


DISCUSSION 


Conant, Smith, Baker, Callaway and Martin (1954) defined cryptococcosis as “a subacute 
or chronic infection caused by cryptococcus neoformans (torula histolytica) which may involve 
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Figure 3—Smear of pus from tibia, showing torulae. (x 300.) Figure 4—Section of mouse lung showing 
torulae. ( x 900.) 


the lungs, skin or other parts of the body but has a marked predilection for the brain and 
meninges.”’ Lesions in bone are rare. Collins (1950) reported three cases of bone involvement 
in cryptococcosis and collected seventeen instances of bone involvement in a review of over 
200 reported cases of cryptococcosis. He noted that “ the lesions, when multiple, are widely 
disseminated and tend to involve bony prominences. They tend to be osteolytic, exerting 
very little bone reaction. Any change occurred slowly and both progression and regression 
were observed.”” Wiener (1951) described generalised torulosis with osseous invasion 
demonstrated by radiographs. The diagnosis was based on a microscopic study at necropsy 
and direct smear of the meninges. Cox and Tolhurst (1946) referred to lesions of bones, 
joints and other somatic tissues, stating that these were not commonly encountered in 


cryptococcosis. 
SUMMARY 


1. A case of cryptococcosis (torulosis) of bone is described. 
2. The diagnosis was established by microscopical examination of pus and culture of the 


organism. | 
3. The literature is briefly reviewed. 
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TORULOSIS 


_E. A. ALLCOCK, MELBOURNE, AUSTRALIA 
From the Department of Surgery, University of Melbourne 


It is often difficult to establish a bacteriological diagnosis in subacute osteomyelitis. 
Low-grade pyogenic infection and tuberculosis are by far the commonest causes, but the 
occasional occurrence of fungus infections in bone should be borne in mind. Only about 
twenty cases of infection of bone by the encapsulated yeast cryptococcus neoformans or 
torula histolytica have been recorded, but it is certain that many others have occurred. This 
may be because the organisms when found on culture have been thought to be contaminants 
or because special staining techniques are required to demonstrate the cryptococci in biopsy 
specimens. If adequate investigation is begun early, some of the cases of osteomyelitis that 
go unidentified may well prove to be caused by yeast infections. Hitherto the lack of an 
accurate diagnosis has not been important because no effective treatment has been available. 
The recent development of powerful fungicides now makes specific treatment possible and 
hence makes early diagnosis necessary. 

Two years ago the opportunity occurred for studying a case of cryptococcal infection of 
bone. The rarity of the condition and the problems of diagnosis and treatment set by this 
case make it worth recording. 


CASE REPORT 


A spinster of fifty-six complained of pain and swelling in the region of the head and 
proximal third of the shaft of the right radius. There was also a swelling on the dorsum of 
the right foot in the region of the bases of the third and fourth metatarsal bones. 

For twelve years she had had “ swollen glands” in the neck. Splenomegaly had been 
repeatedly observed over a period of ten years. The cause of this had not been determined 
and no specific treatment had been given. 

Five weeks before admission she had been decorating her house and had noticed tiredness, 
weakness, and later, pain in the right forearm. While painting she had slipped off a stepladder 
and injured her right foot, which became swollen. Because of these symptoms she went to 
bed for a few days. When she resumed walking a “ crack ” was felt in the right foot. This 


- was followed by pain, bruising and swelling. The swelling was fluctuant and was aspirated 


three weeks and again one week before admission. On the first occasion blood was obtained, 
and on the second occasion pus. During these five weeks there had been little systemic upset. 
There had been no sustained fever and her appetite had remained good. She had not 
complained of headache or cough. On examination there was a fusiform swelling in the 
proximal half of the right forearm with redness of an area of skin about eight centimetres in 
diameter on the anterior aspect distal to the antecubital flexion crease ; there was also a fluctuant 
swelling five centimetres in diameter on the dorsal aspect of the right foot. There were enlarged 
'ymph glands on each side of the neck, especially in the upper deep cervical and submandibular 
2roups and the spleen was palpable. 

Radiological examination showed a partial destruction of the proximal end of the shaft 
and base of the fourth right metatarsal. There was no new bone formation (Fig. 1). There 
was a similar lesion in the upper third of the right radius. Irregular spicules of ossification 
vere present surrounding this area and a large soft-tissue swelling could be discerned (Fig. 2). 
Jn radiological grounds the most likely diagnosis seemed to be that of osteosarcoma, but 
he history and physical examination favoured osteomyelitis. Incision was advised and 
oenicillin, 500,000 units six-hourly, and streptomycin, 0-5 gramme twice daily, were started. 
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Figure 1—Radiograph of right foot at 
the time of admission. There is extensive 
destruction of the base of the fourth 
metatarsal. Figure 2—Radiograph of 
right forearm five weeks after the onset 
of symptoms. Marked loss of density of 
the proximal third of the radius with 
irregularity in the outline of the cortex. 


: 


Fic. 3 


Section of tissue removed from the fourth metatarsal, stained with mucicarmine. 
‘(x 710.) Note the ovoid torular bodies and the encapsulation of the organism at 
top centre. 
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Under general anaesthesia the abscesses were explored. Each of them was found 
immediately subcutaneously and extended down to bone. Three to five millilitres of blood- 
stained creamy pus were evacuated from each. The pus was not specially remarkable in any 
way. The incisions were closed without drainage and primary healing followed. 

Gram stained smears of the pus showed polymorphs and occasional non-capsulated 
yeasts, but no bacteria. There was no obvious growth on blood agar plates after twenty-four 
-hours’ incubation at 37 degrees Centigrade, but after seventy-two hours a pure culture of 
‘* yeasts ’’ had developed from each specimen. The growth was not that of any of the common 
yeasts ; SO a suspension was inoculated 
intraperitoneally into a number of 
mice. The generalised mucoid peri- 
tonitis which followed was typical of 
that caused by torula histolytica, and 
the organisms recovered were iden- 
tical with this fungus. It was deter- 
mined that the organism was sensitive 
in vitro to 0-8 microgram per millilitre 
_of amphotericin B and resistant to 
0-4 microgram per millilitre, 

The nature of the infecting organ- 
ism had not been suspected clinically. 
As soon as the bacteriological diagnosis 
was available the clinical investigations 
were reopened to try to demonstrate 
|) a primary focus, and 2) whether 
there was a focus in the central nervous 
system. 

Radiological examination of the 
skeleton for further bony foc} was Fic. 4 Fic. 5 


negative. Radiographs of the chest, foot one after of The 
. . resolution of the metatarsal lesion is obvious, but there is some 
including tomograp hy of the right abnormality of the cuboid and fifth metatarsal. A substantial 
lower zone and hilum, demonstrated _ biopsy specimen was taken from the base of the fourth 
a diffuse density throughout the right metatarsal and it is thought that this accounts in part, if not 


: : completely, for this abnormality. Figure 5—Right forearm 
lower lobe. At the right hilumagland _ one year after the onset of symptoms. The outline of the upper 
was demonstrated, which was calcified third of the radius oo peter ig The elbow 
at its periphery. No localised “ toru- 

loma ” was found. Bronchoscopy showed nothing abnormal. It was felt that, though no 
localised lesion was present, the organisms must have gained access through this area of 
the lung, but operative removal in the absence of a demonstrable local lesion seemed 
unjustifiable. 

There was a persistent anaemia of the order of 10 grammes per 100 millilitres of blood. 
The white cell count was always within normal limits. The erythrocyte sedimentation rate 
(Wintrobe method) was raised throughout the three months’ stay in hospital, being between 
51 and 63 millimetres in the first hour. Blood cultures were done on many occasions and were 
always negative. 

The lesions in both the radius and metatarsal were explored twice subsequently because 
of recurrent abscesses and threatened sinus formation. A specimen from the fourth metatarsal 
stained with haematoxylin and eosin did not reveal any cryptococci but staining with periodic 
acid-Schiff reagent and with mucicarmine (Fig. 3) each demonstrated occasional torulae. 
The appearances were, however, difficult to interpret even though the infecting organism had 
seen identified, because the organisms were so few in number and not all had a typical shape. 
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Inoculation of guinea-pigs with the pus did not produce tuberculous lesions and cultures 
for mycobacterium tuberculosis remained sterile. : 

Biopsy of the cervical swellings was done. On histological examination the specimens 

showed the appearances of Boeck’s sarcoid. Sections stained with Gomori’s stain, mucicarmine 
and periodic acid-Schiff reagent did not reveal any cryptococci and culture remained sterile. 
A lumbar puncture was done; the cerebrospinal fluid was normal. 
Clinical course—There was persistent fever during the stay in hospital. Streptomycin was 
stopped after six days and as soon as the culture reports were available penicillin too was 
discontinued: Two courses of amphotericin B were given by infusion over eight hours into 
the vena cava by an indwelling polythene cannula of 500 millilitres of 5 per cent dextrose 
containing 25 to 50 milligrams of the drug. Five hundred units of heparin were added to 
each flask. Because of severe sensitivity reactions (headache, rash, rigors and hyperpyrexia) 
antihistamines were administered parenterally. Temperatures of up to 105-4 degrees were 
recorded and the drug had to be discontinued on each occasion after only a very small dose. 
had been given. 

After the failure ofamphotericin because of general reactioris, it was decided to discontinue all 
drug treatment and observe thecourse of the disease. There was a gradual subsidence of symptoms 
and three months after admission it was felt that the patient was fit enough to return home. 
Follow-up—tThe patient’s general condition has improved during the three years since her 
discharge from hospital. There has been no change in the appearances of the cervical swellings 
or in the radiograph of the chest. Radiological examination, however, has shown progressive 
restoration of normal architecture in the affected bones (Figs. 4 and 5). The abnormality in 
the fourth metatarsal is attributed to the biopsy. At the same time there has been a complete 
recovery of function in foot and forearm. The range of movement in the right elbow now lacks 
only the terminal 5 degrees of flexion and of extension—pronation is 60 degrees, supination 
45 degrees. The blood count has remained within normal limits but the erythrocyte 
sedimentation rate has remained at 30 to 50 millimetres. 


DISCUSSION 


Cox and Tolhurst (1946) showed that in 50 per cent of their patients there was a pulmonary 
lesion. If doubtful cases in their series were added, 66 per cent of patients had a pulmonary 
focus. Not infrequently this appeared to be the primary lesion. Infection by direct inoculation 
has been recorded, as for example when a cryptococcal dactylitis immediately followed a 
local injury to the finger (Littman and Zimmerman 1956). 

Septicaemia commonly results from the establishment of a pulmonary focus and the most 
serious complication of a focus in the central nervous system or meninges may follow. Though 
the disease follows a relapsing course, often with long periods of remission, cryptococcal 
meningitis appears to be fatal in all cases once clinical infection is established. The natural 
history of torulosis may occasionally be very protracted. Beeson (1952) described a case of 
cryptococcal meningitis of sixteen years’ duration. It does appear, however, that the more — 
heavily encapsulated strains are more virulent than those lacking a capsule. Precipitation and 
complement fixation tests for capsular polysaccharide are of value when performed on serum 
and cerebrospinal fluid (Anderson and Beech 1958). 

The association of cryptococcal infection and reticulosis is well recognised and has been 
reported by many authors (Cox and Tolhurst 1946; Beck, Hutchings, Makey and Tuck 1955; 
Collins, Gellhorn and Trimble 1951). Most commonly Hodgkin’s disease is suspected and 
the suggested diagnosis even supported by biopsy before cryptococcosis becomes obvious. 


’ Cox has shown that, in torulosis, a histological picture closely akin to that of Hodgkin’s disease 


or lymphosarcoma may often be found in the lymph glands, liver and spleen. ; 
The enlargement of the cervical lymph glands in this patient was due to Boeck’s sarcoid. 
The relationship between cryptococcosis and sarcoid is a very interesting one. Fre@wently 
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after a positive culture or adequate histological search using special stains the diagnosis of 
sarcoid cannot be sustained because of the demonstration of specific organisms either by 
culture or biopsy (Froio and Bailey 1949; Carton and Mount 1951; Collins 1950). In a few 
cases (Collins 1950; Fisher 1950; Hcller, McLean, Campbell and Jones 1957) the diagnosis 
of sarcoid has been upheld, but careful search by culture, mouse inoculation and biopsy 
using special stains are necessary in an effort to demonstrate the torulae. 

Torulosis involving bone has long been recognised. The earliest case recorded was that 
described by Busse and Buschke in the upper end of the tibia in a woman of thirty-one 
(Benham( 1934). Cleland (1927)—the first to report a case from Australia—described its 
occurrence in a woman of forty-two. 

Collins (1950), in reviewing 200 cases of torulosis, discussed twenty cases of infection in 
bone. The infection seems to localise in the metaphysis of. the involved bone. Almost all 
bones in the body have been reported as demonstrating the disease; for example, tibia (Busse 
and Buschke); ribs (Collins 1950); greater trochanter of femur (Heller Joc. cit. 1957); pubis 
(Jesse 1947); ilium (Cleland 1927); clavicle (Mider, Smith and Bray 1947); scapula (Smith and 
Crawford 1930); lumbar vertebrae (Rigdon and Kirksey 1952); skull (Collins 1950). No bone 
appears to be immune from attack. The most serious complication is meningitis and it is 
this which most commonly causes death. Occasionally, however, bizarre manifestations may 
be seen, as for example in Rigdon’s case, cited above, where a mycotic aneurysm of the aorta 
developed in the wall of the abscess and finally ruptured. Only rarely is the yeast cryptococcus 
neoformans implanted directly into bone (Littman and Zimmerman 1956). A bony focus is 
almost always caused by blood-borne infection. On clinical grounds a low grade pyogenic 
infection or possibly tuberculosis are naturally suggested as the diagnosis. Because the 
infection is insidious in onset and slowly progressive, bone changes may have already been 
present for a long time when the patient is first seen. The destructive nature of the lesion and 
the presence of a soft-tissue swelling may lead to a radiological diagnosis of sarcoma in bone. 
A biopsy and culture are essential to establish the diagnosis. Typically, the pus is mucoid, 
sticky and gelatinous. Often, as in this case, it may be in no way characteristic. Histological 
examination of the tissue will demonstrate low grade inflammation and, though the causative 
organism is difficult.to see with the routine haematoxylin and eosin stains, special staining 
techniques will often demonstrate its presence (Fig. 3). Unless it is borne in mind that the 
cryptococcus may cause a metastatic abscess of this type, the diagnosis may be overlooked 
and bacteriological proof may not be sought. 

Treatment with amphotericin B gave disappointing results. Seabury and Dascomb (1958) 
have reported a very high incidence of rigors and pyrexia in seventeen out of eighteen patients 
treated. These workers, however, continued with treatment and noted that the toxic symptoms 
remitted when they persisted. This experience is also reported by Rubin and Furcolow (1958) 
who claim good short term results. Jn vitro, amphotericin B is a very powerful fungicide. 
At present it seems to be the most potent agent available for combating cryptococcal infection 
and it should always be given a trial because of the very serious effects of cryptococcal meningitis. 
Gadsbusch (1958) in experiments on mice has shown that it is possible to develop anti-sera to 
the cryptococcus which confer a high degree of immunity. This method has not yet come into 
clinical use but it seems promising. Anderson and Beech (1958) have reported on the use of 
serological tests to distinguish the latent infections. 

Though this patient continues to be well there is every possibility that the disease will 
relapse and that meningitis, with its grave outlook, may develop. 


SUMMARY 


1. The natural history of cryptococcal infection is discussed in relation to the findings in a 
woman of fifty-six with lesions in the right radius and right fourth metatarsal. A diffuse 
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lesion found in the right lung with a calcified gland at the right hilum was believed to represent 
the initial site of infection. 

2. There was a general tendency for normal bone architecture to be restored after the destructive 
phase of the disease had finished. 

3. Specific treatment with the fungicide amphotericin B had to be stopped because of severe 
systemic reaction. 

4. The significance of the rare association of Boeck’s sarcoid with torulosis is discussed. 


The help of Miss Jean Tolhurst throughout the course of this patient’s illness is gratefully acknowledged. 
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CERVICAL KYPHOSIS FROM POSTERIOR HEMIVERTEBRAE 
WITH BRACHYPHALANGY AND CONGENITAL OPTIC ATROPHY 


-M. E. BerK and B. TABATZNIK, JOHANNESBURG, SOUTH AFRICA 
From the Departments of Radiology and of Medicine, General Hospital, Johannesburg 


_ The differentiation of a congenital kyphosis from the more common acquired type is 
important. Tuberculosis and other inflammatory conditions cause kyphosis by destruction of 
bone, encroachment upon the intervertebral discs and collapse of vertebral bodies. Destruction 
of vertebral bodies with preservation of the disc suggests malignant infiltration. The 
neurological sequelae of spinal cord compression in these conditions are often severe and 
irreversible. 

In the congenital forms of kyphosis the intervertebral disc is usually preserved in the 
presence of gross wedging and deformity, and destruction of bone does not occur. Although 
neurological complications may result from compression, the prognosis generally is far more 
favourable. 

Interest in the different types of congenital anomaly of the vertiieal bodies has been 
evoked by several recent publications. Cave (1958) reviewed the literature on “ butterfly 
vertebra ”’ and reclassified the condition on the basis of the responsible developmental defects. 
The description of ** coronal cleft vertebra ” by Rowley in 1955 was followed by the interesting 
suggestion of Stewart and McKenzie (1957) that the striking male preponderance of this 
condition could be used as a method of determining foetal sex after the twenty-eighth week 
of gestation. 

The closely related and clinically more important condition of posterior hemivertebra 
has received surprisingly littke comment in the literature. Posterior hemivertebra is due to a 
failure of the anterior part of the vertebral body to develop. The absence of the anterior 
two-thirds of the vertebral body results in considerable anterior wedging with consequent 
localised kyphosis which may be severe. Similarly, medial wedging, which is a feature of 
the common condition of lateral hemivertebra, often causes scoliosis. 

An example of cervical kyphosis from multiple posterior hemivertebrae in a South 
African Bantu girl, who was incidentally suffering from pulmonary and pleural tuberculosis, 
is presented. The kyphosis was severe and caused a mild tetraplegia. The cervical lesion 
was associated with an unusual combination of congenital abnormalities, namely brachy- 
phalangy and bilateral congenital optic atrophy. 

It is believed that this is the first example on record in the English literature of kyphosis 
from multiple posterior hemivertebrae in the cervical region. 


CASE REPORT 


A South African Bantu girl aged sixteen was admitted to hospital in Johannesburg in 
June 1957 with a diagnosis of an early tuberculous pleural effusion. She had attended the 
orthopaedic clinic since 1955 because of a deformity of the neck, pain in the lumbar region 
and weakness of the right arm and leg. Her parents said that the deformity had been present 
for as long as they could remember. She was the second of four siblings; her,sister and two 
younger brothers had outgrown her, and were normal, as were her parents. There was no 
history of maternal infection in pregnancy. Her mental development was normal. Menstruation 
had begun at the age of fifteen. 

For many years she had pain in the lower lumbar region, particularly after standing for 
any length of time. Recently she had noticed weakness of the right arm and leg, with occasional 
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Fic. 1 : Fic. 2 
Figure 1—Photographs of the patient. Note the lumbar lordosis. Figure 2—The neck showing marked kyphosis. 


| Fic. 3 
The “* drumstick * appearance of fingers due to shortened terminal phalanges is shown. 
The fifth fingers are not affected. 


ts episodes of pain and numbness in the right arm and hand. There was difficulty in walking 
_ because of weakness of the right leg. There was no pain in the neck. 
- Two weeks before admission she became acutely ill with fever, a sharp pain in the right 
chest and a productive cough. 
On examination she was febrile and coughed frequently. The cardiovascular system was 
normal. Blood pressure was 110/60 millimetres of mercury. There were signs of fluid in the 
right pleural cavity. There was enlargement of the cervical and axillary lymph glands, and 
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the liver edge was palpable three finger breadths below the costal margin. The breasts were 
poorly developed, with an increase of areolar pigmentation. Pubic and axillary hair growth 
was normal. 

Skeletal system—Her measurements were: height 54 inches; span 62 inches; floor to pubis 
27 inches. The head circumference was 21 inches. There was no evidence of gargoylism 
(Fig. 1). The neck showed a marked localised kyphosis (Fig. 2), but neck movements were 
remarkably good. There were no scars or sinuses, and the kyphos was not tender. There was 
a mild scoliosis of the thoracic spine, with a marked lumbar lordosis. The trapezii and 
rhomboids were wasted, and the sacrospinalis muscles were in spasm. The right arm was 
half an inch shorter and thinner than the left. The hands were broad with short, stubby 
fingers, and showed marked shortening of all the terminal phalanges, except in the fifth 
fingers, which appeared normal. The;‘*drumstick” appearance of these shortened phalanges 


Fic. 4 


Optic fundus showing optic atrophy surrounded by a scleral halo. 
The two circular spots above the optic nerve are artefacts. 


was due entirely to bony deformity (Fig. 3). The right lower limb was three-quarters of an 
inch shorter than the left. There was bilateral pes planus but the toes were normal. 

Central nervous system—The patient was shy, facile, and of normal intelligence. The cranial 
nerves were normal except for the optic nerves. There was weakness, wasting and diminution 
of tone of the right arm. The biceps tendon jerks were absent, and the right supinator reflex 
showed inversion. Triceps, knee and ankle jerks were markedly increased on both sides and 
there was sustained right ankle clonus. Muscle tone was increased in both legs. The plantar 
responses were equivocally extensor. The gait was moderately impaired. There was no 
objective sensory disturbance. 

Ophthalmological examination (Dr W. J. Levy)—There was a constant fine ocular nystagmus 
which was aggravated by attempts at fixation. Full extra-ocular muscle movements were 
present. There was.no proptosis. Intra-ocular tension was normal. The pupils were round 
and reacted normally. Both sclerotics were white and showed no signs of inflammation. 
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The media were clear. Visual acuity was 6/18 unaided. Refraction was emmetropic. Peripheral 
and central visual fields were full. The optic fundus showed a similar appearance on both 
sides (Fig. 4). The disc was abnormally small, and dead-white with no cupping. Surrounding 
the optic disc was a rim, one-quarter of the disc in area. This rim was yellowish, partly obscured 
by a variable amount of blackish-brown pigmentation which tended to accumulate towards . 
_ the disc margin, but did not cross the margin. The central retinal vessels divided normally 
and passed across the optic disc without dipping or elevation. The rest of the fundus showed 
normal Bantu pigmentation. 

Laboratory investigations—Sputum was positive for tubercle bacilli on cultural test. The 
pleural fluid was a clear, straw-coloured exudate, from which tubercle bacilli were not isolated. 
Haemoglobin was 12:4 grammes per cent. Leucocyte and differential counts were normal. 
Erythrocyte sedimentation rate was 29 millimetres in the first hour (Wintrobe). Blood 
Wassermann reaction was negative. Liver function tests showed a thymol turbidity of 5 units, 


Fic, 5 
The cervical spine shows vertebral wedging with preservation of disc spaces. 


a strongly positive colloidal gold test, a serum alkaline phosphatase level of 7:5 King- 
Armstrong units, a serum albumin level of 3-2 grammes per cent, and a serum globulin level 
of 4-4 grammes per cent. 

Urine examination was normal. Cerebrospinal fluid was clear, under normal pressure, 
with a protein content of. 17 milligrams per cent and a negative Wassermann reaction. 
Electrocardiograph showed T-wave inversion in precordial leads V.1 to V.4 (within normal 
limits for Bantu). Radiograph of the chest showed a right-sided pleural effusion. 
Radiological features—The cervical spine showed a marked kyphosis. The arch of the atlas 
was tilted forwards and downwards, and its posterior aspect appeared to impinge on the 
foramen magnum. The odontoid process was conical. The bodies of C.3, 4, 5 and 6 vertebrae 
were deficient anteriorly and in consequence showed marked antero-posterior wedging (Fig. 5). 
The fourth cervical vertebra showed the most marked changes; C.3 and 5 showed lesser 
degrees of wedging and C.6 w& the least affected. There was no loss of disc space and no 
evidence of calcified debris or abscess formation. 
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Fic. 6 | FiG. 7 7 


Figure 6—The normal thoracic curve is absent. Figure 7—Lumbar spine showing lordosis, lumbarisation of 
the first sacral segment, and spondylolisthesis. 


Fic. 8 | 
Transitional ribs are present on the right side. ; 
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The thoracic and lumbar spine appeared rigid, lacking the normal curves (Fig. 6). This 
appearance was a compensatory mechanical effect consequent on the marked cervical kyphosis. 
There was also lumbarisation of the first sacral segment with spondylolisthesis of L.5 on the 
sacrum (Fig. 7). The transverse processes of the lumbar vertebrae on the right side were 
transitional, and resembled thoracic ribs. The right ribs were transitional in type, showing 
a conical formation of the head (Fig. 8). The skull and pelvis were normal. The terminal 
phalanges of the fingers of both hands (except the little fingers) were abnormally short, a 
condition known as brachyphalangy (Fig. 9). The rest of the skeletal survey revealed no 
abnormality. 

Progress—The patient was treated with streptomycin and isonicotinic acid hydrazide. While 
she was resting in bed traction was applied to the neck. The patient was discharged four 


Fic. 9 
Brachyphalangy. The fifth phalanges are not affected. 


months later, having recovered completely from the tuberculous pleural effusion and showing, 
in addition, considerable improvement in gait. The radiograph of the chest showed an area 
of mottling in the right pulmonary mid-zone. She was fitted with a spinal brace and cervical 
collar and the improvement has been maintained for eighteen months. 


DIFFERENTIAL DIAGNOSIS OF CERVICAL SPINE LESION 


The conditions which merit discussion in the differential diagnosis of the lesion of the 
cervical spine are tuberculosis and pyogenic infections, chondro-osteo-dystrophy, “ butterfly 
vertebra,’ and posterior hemivertebra. 

Tuberculosis and pyogenic infection were excluded for the following reasons. Although 
the patient had undoubted pulmonary and pleural tuberculosis, her parents were emphatic 
that the skeletal abnormality had been present since infancy. There were no scars or sinuses 
and no evidence of abscess or calcification. There was good mobility of the affected area 
in spite of the marked wedging, and radiographically the preservation of the disc spaces was 
significant. The associated congenital defects supported a congenital basis for the lesion. 

Chondro-osteo-dystrophy and related conditions such as gargoylism were dismissed on 
clinical and radiological grounds. The bodily configuration did not suggest chondro-osteo- 
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dystrophy. The characteristic “* beaking ” of vertebrae was absent, and the thoraco-lumbar 
regions and hips were not affected. According to Brailsford (1953) and Fairbank (1951) these 
regions are invariably involved in chondro-osteo-dystrophy, whereas the cervical region usually 
escapes. Furthermore, shortening of the vertebral body due to absence of the anterior part 
is not a feature of these conditions. 

The absence of any sagittal cleft on the antero-posterior tomograph of the cervical region 
excluded a butterfly vertebra. When gross deformity is present a butterfly vertebra cannot be 
excluded with certainty on plain radiography. Antero-posterior tomography is essential in 
order to exclude the sagittal cleft. Lateral tomography is also extremely useful to define the 
size of the body and the intervertebral disc space. / 

The cervical vertebrae from C.3 to C.6 showed varying degrees of absence of the anterior 
parts of their bodies. The intervertebral disc spaces were intact. 

It was considered that the cervical kyphosis was due to multiple posterior hemivertebrae. 
The appearance was strikingly similar to the example published by Rowley (1955). 


DISCUSSION 


The pattern of ossification of the vertebral body may vary considerably. Usually two 
laterally placed centres of chondrification appear at the seventh week of intra-uterine life, 
followed by chondrific centres in each neural arch and costal process. Partial or complete 
failure of fusion of these laterally placed centres may result in anomalies of the neural arch, 
transverse processes and.ribs, as well as such familiar conditions as sagittal cleft vertebra, 
butterfly vertebra and lateral hemivertebra. 

At the tenth week of intra-uterine life a solitary c&ntral ossific nucleus appears. 
Occasionally an accessory centre of ossification develops posteriorly. This is considered 
unusual, although Continental authors have for many years been aware of this variant of 
ossification. The posterior accessory centre, when it occurs, generally fuses with the central 
focus at the sixteenth to eighteenth week of gestation. If union between these two centres 
does not occur, a condition known as “ coronal cleft vertebra ’’ results (Figs. 10 and 11). 
Rarely, the central ossific nucleus fails to develop and only the posterior part of the vertebral 
body becomes ossified through persistence of the posterior accessory centre. This results in 
the formation of a posterior hemivertebra (Figs. 12 and 13). 

The radiological features of “ coronal cleft vertebra” were studied by Rowley (1955). 
He noted that the condition occurred almost invariably in the lumbar and occasionally in 
the thoracic segments of the spine. The cervical and sacral segments were not involved in any 
of his thirty-four patients. This anatomical distribution was also noted by Stewart and 
McKenzie (1957), who found — of the defect only in the lumbar and lower thoracic 
vertebrae. 

Cohen, Currarino and Neuhauser (1956) found coronal cleft vertebrae in 5 per cent of 
a series of 400 infants. They noted a significantly higher incidence of the defect in infants 
with associated congenital anomalies such as imperforate anus, tracheo-oesophageal fistula, 
and dysplasia epiphysialis punctata in particular. In addition, they reported three examples 
of double ossification centres with coronal clefts in the cervical region, an observation that 
had not been recorded in the English literature. These workers considered that the condition 
of coronal cleft vertebra was a benign variant of normal, and that fusion of the two ossification 
centres always occurred early in infancy. Stewart and McKenzie (1957) stated that the 
sondition had no pathological importance. Although Rowley (1955) shared these views, he 
did point out that pathological states may result from partial or complete failure of one or 
other of the two centres of ossification to develop. He cited one example of failure of 
jevelopment of the anterior centre which resulted in a posterior hemivertebra with a localised 
<yphosis in the lumbar region. Other examples of congegital kyphosis due to posterior 
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hemivertebra have been reported by Roederer and Serrand (1936), Arnt (1942) and Fischer « 
and Vandemark (1945). The cervical region was not involved in any of these reports. 

Cave (1958) indicated an additional pathological sequel of coronal cleft vertebra. He 
defined two types of butterfly vertebra, one dependent upon persistence of the sagittal cleft 
alone and the other less common form dependent upon persistence of both sagittal and 
coronal clefts. He quoted one case, reported by Mondello (1951), in which four butterfly 

| vertebrae of the type dependent upon persistence of the sagittal cleft alone occurred in the 

; cervical region, and considered that this distribution was unique. No case of butterfly vertebra 
of the second type involving the cervical segments has been reported. In this type the posterior 
third of the vertebral body is intact, and part of the persistent coronal cleft may be identified 


Fic. 10 Fic. 11 
Coronal cleft vertebra: supero-inferior and lateral views. 


Fic. 13 


Posterior hemivertebra : supero-inferior and lateral views. Note the absence of the anterior . 4 
part of the vertebral body. , 


on lateral radiographs and tomographs. The value of tomography in the differentiation of 
this form of butterfly vertebra from posterior hemivertebra has already been stressed. 

It seems that coronal cleft vertebra bears a similar relationship to the development of 
posterior hemivertebra as sagittal cleft vertebra does to lateral hemivertebra. Sagittal clefts 
are due to defects in developing cartilage, whereas coronal clefts result from defects in 
developing bone. 

Cave (1958) noted in his example of butterfly vertebra that angular kyphosis was slight 1 
in spite of the marked deformity and wedging. He attributed this to compensatory elongation ) 
of the anterior borders of the adjacent vertebral bodies. Anterior wedging and kyphosis , 


tend to be more marked in posterior hemivertebra, where the anterior part of the affected 

vertebral body may be completely absent. The marked kyphosis in our patient was presumably 
explained by the involvement of several vertebrae. This prevented the “ buttressing ”’ effect’ { 
of adjacent normal vertebrae which would occur when only a single vertebra is affected. ’ 
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Nevertheless, the neurological. abnormalities in the limbs were mild by comparison with the 
considerable radiographic deformity, and responded readily to traction and immobilisation of 
the neck. 7 

The embryological basis for the failure of development of the anterior ossification centre 
and persistence of the posterior accessory centre is obscure. Several workers have stressed 
the importance of vascular factors in relation to these centres. Ehrenhaft (1943) described 
the development of vessel formations at about the ninth week of intra-uterine life. These 
vessels invade the cartilaginous body anteriorly and posteriorly, and ossification ensues in 
he vicinity of their terminal branches. Schinz and Téndury (1942) investigated developmental 
ibnormalities of vasculature and showed that a different arrangement of vessels exists where 
wo ossification centres occur. A progressive interference with the blood supply to the anterior 
yarts of the vertebral body is a possible explanation for the development of posterior 
1emivertebrae. 

The site of the lesion, the multiplicity of vertebral involvement, and the nature of the 

issociated anomalies are considered to be unique features of this case. 
\ssociated anomalies—According to Brailsford (1953) brachyphalangy is caused by the 
wemature fusion of certain epiphyses with the diaphyses, with consequent cessation of 
srowth (Fig. 9). We have not been able to find any record of its association with posterior 
hemivertebra and optic atrophy. 

The association of developmental anomalies of the axial skeleton with congenital ocular 
defects is well recogniséd. The blue sclerotics of fragilitas ossium, and the lens dislocation 
in Marfan’s syndrome are among the better known examples of this association. Blodi (1957) 
reviewed the developmental anomalies of the skull that affect the eye. Congenital cataract 
has been noted in almost 50 per cent of patients with dysplasia epiphysialis punctata (Armaly 
1957), and congenital bilateral total external ophthalmoplegia has been described in association 
with the Klippel-Feil deformity (Seftel and Klugman 1957). 

Bilateral congenital optic atrophy has been found in combination with numerous skeletal 
anomalies (Fairbank 1951). The fundal appearances in our case were most unusual. It was 
agreed that the nystagmus and subnormal central vision were due to bilateral congenital 
optic atrophy associated with partial aplasia of the nerve heads. Surrounding the nerve was 
a complete scleral halo, which was variably obscured by choroidal pigment. The optic nerve 
atrophy was incomplete. The preservation of moderately good central vision (visual acuity 
6/18) was better than one would have anticipated from the appearance of the small, dead-white 
optic discs. Joseph and Davey (1958) re-emphasised the well known fact that the degree of 
pallor of the optic disc is only an approximate guide to the amount of visual defect. 

In his description of congenital optic atrophy found in a child with dysplasia epiphysialis 
punctata, Armaly (1957) argued that the association is more than coincidental, and that the 
optic atrophy may represent part of a more generalised developmental disturbance of the 
central nervous system, such as lack of development of the cerebral cortex. In our patient the 
indications were that the optic nerve atrophy was an isolated nervous manifestation. The 
mild spastic tetraparesis was sufficiently explained by the cervical kyphosis. 


SUMMARY 


|. An unusual congenital anomaly of the cervical spine is described. This lesion caused a 
localised cervical kyphosis and resulted in the development of a mild tetraparesis. 

2. The case reported is believed to be the first on record in the English literature of multiple 
»osterior hemivertebrae in the cervical region. 
3. The neck deformity was associated with an unusual combination of developmental 
inomalies—namely, brachyphalangy and bilateral congenital optic atrophy. 

‘. The importance of differentiating between congenital and acquired causes of kyphosis is 
mphasised. 
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5. The radiographic appearances of posterior hemivertebra are described, and the differential 
diagnosis is considered. 

6. The development of the vertebral body, and the relationship between coronal cleft vertebra 
and posterior hemivertebra, are discussed. The possible role of a disturbance of vascular 
supply in pathogenesis is mentioned. 

7. This report augments the growing literature on congenital skeletal anomalies occurring in 
combination with isolated congenital ocular defects. 


We wish to thank Dr E. N. Popper for permission to report the case. We also express our thanks to Dr Josse 
7 Kaye for his unfailing interest and encouragement. We are indebted to Dr W. J. Levy, Dr R. Trope and Dr D. R. 
McCartney for their help with the ophthalmological aspect, and to Mr A. Lee McGregor and Dr W. W. Frank 
for helpful criticism of the manuscript. We are most grateful to Messrs Carl Zeiss, Optical Instruments (Pty.) 
Ltd., for the retinal photography, Dr A. D. Bensusan and Mr A. Shewitz for the additional photographs, 
Miss M. W. Tompkins for the reproductions, and Miss R. Steinitz for the typescript. 
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RHEUMATOID CYSTS OF THE CALF 
AND THEIR RELATION TO BAKER’S CYSTS OF THE KNEE 


Roy H. MAUDSLEY and GEORGE P. ARDEN, Ascot, ENGLAND 
From the Heatherwood Orthopaedic Hospital, Ascot 


Swellings of joints, bursae and soft tissues often develop in rheumatoid arthritis, but a 
large swelling in the calf may not apparently be connected with the knee joint and may cause 
difficulty in diagnosis. This condition appears to have received little attention in the literature 
though Baker (1877), in his classic account of “* The formation of synovial cysts in the leg in 
connection with disease of the knee joint,” recorded at least two cases of swelling in the 
oopliteal area which probably arose from rheumatoid arthritis of the knee. Beatty (1959) 
recorded five cases in which calf swelling had been seen in chronic rheumatoid arthritis. 
Three cases are now reported as examples of a condition deserving of recognition. 


CASE REPORTS 


Case 1—A man aged forty-seven, an engineer, suffered 
for six years from rheumatoid arthritis involving most 
joints, but principally the knees and wrists. Both 
knees became very swollen and. stiff. Synovectomy 
was performed, first on the left knee and later on the 
right, with some improvement. The synovial mem- 
brane in both knees was thickened, reddened and 
oedematous. A soft swelling developed insidiously 
in the upper left calf and increased in size until, one 
year after the first synovectomy, it was explored. A 
yellow, friable mass was found between the two heads 
of gastrocnemius. It could be squeezed towards 
the knee joint, and pressure on the popliteal space 
delivered it into the wound. On removal it was 
found to have a neck approaching the postero- 
medial aspect of the knee. Histological examination 
showed “laminated fibrin and necrotic material.” 
Two months later the swelling recurred and similar 
material was removed at operation. During earlier 
years the patient had been treated with salicylates, 
but after this swelling had appeared corticosteroids 
were given. The erythrocyte sedimentation rate was continually raised. Radiographic 
examination of the knee joints showed appearances typical of rheumatoid arthritis. 
Case 2—A married woman aged forty-five was admitted to Hillingdon Hospital in June 1959 
with painful swollen joints, and. a swelling in the left upper calf which she had noticed for the 
past three months. She developed arthritis in 1955 after thymectomy for a malignant thymoma 
(Mr K. S. Mullard). A swelling described as a ganglion was removed from the right wrist 
in 1955 but histological sections are not available. In 1957 she had been given corticosteroids 
parenterally and by intra-articular injection into the right knee. She had rheumatoid arthritis 
affecting the hands, knees and feet. There were rheumatoid nodules in the left forearm. The 
uprapatellar pouch was swollen, there was general thickening of the extra-articular tissues, 
‘nd movements were restricted. There was a swelling in the midline of the calf in the uppermost 
third of the leg measuring three by two inches, oval, soft in consistency, and there was a 
sense of cross-fluctuation between the swelling and the popliteal space. There was no fixation 


Fic. | 
Case 2—Swelling in calf. 
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of the swelling to deep or superficial tissues. On contraction of the calf muscles the swelling 
became fixed (Fig. 1). At operation a thin-walled cyst was removed from within the 
gastrocnemius muscle: it contained yellow amorphous material and fluid, but no definite 
connection with the knee joint was established. ; 

Case 3—A man aged thirty-four, a foreman toolmaker, gave a history of extensive rheumatoid 
arthritis of ten years’ duration with occasional acute episodes. In 1956 he developed multiple 
nodules, biopsy of which showed the changes 
of rheumatoid arthritis. This was controlled 
fairly satisfactorily by Butazolidin until 1959, 
when he developed dyspepsia. In the last year 
a swelling developed in the right calf, with pain 
and stiffness in the knee. The swelling was 
cystic and communicated with the knee joint, 


While he was in Hammersmith Hospital radio- 
active Ytrium was injected into the cyst and 
 « then shown by scanograph to be present in the 
Knee joint (Fig. 2). The red and white cell 
count was normal; haemoglobin 93 per cent; 

' “aie sedimentation rate 47 millimetres in the first 


| hour; Latex test positive; differential agglutina- 
tion titre positive; no L.E. cells found; blood 
* urea normal; uric acid in serum normal. The 
patient was admitted to Heatherwood Ortho- 

paedic Hospital, and the cyst of the right calf 
—* was exposed and removed by dissection after 
sit had been traced back to the medial side of 
a 3%) the popliteal fossa. The knee joint was opened 
and synovectomy performed. The synovial 


Fic. 2 
Case 3—-Scanograph. In the left lower corner the contents of the cyst and knee were examined 
Ytrium in the cyst is represented and narrowsinthe and reported as confirming the diagnosis of 


neck of the sac, but enlarges in the upper right : ai 
corner representing the knee joint. rheumatoid arthritis. 


DISCUSSION 


Baker (1877) described eight cases in which a cyst in the calf was associated with disease 
in the adjacent knee joint. He concluded on clinical evidence and on evidence from a few 
dissected cases that the effusion in the joint caused herniation of the synovial membrane 
alongside the popliteus tendon, or arose as an extension of a normal popliteal bursa. In 1885 
he again referred to similar cases. Two involved the knee joint and were treated by amputation 
through the thigh. These were later described by Power (1887). 

Baker later described seven more cases, and another was reported by Norton ( 1884). 
These involved other joints than the knee—the shoulder, hip, elbow and wrist joints—but 
again they were associated with extra-articular cysts. Most of these reports include an excellent 
account of the history, physical signs and treatment, with some pathological findings after 
amputation. 

In only a few cases did Baker express an opinion as to the diagnosis. One he thought 
might be due to a rheumatoid affection of the joint, and in three he considered that osteo- 
arthritis was a possibility; but in the other fourteen cases no diagnosis was made. In the 
light of present-day knowledge one might classify these eighteen cases as being due to: 
tuberculous infection, nine; osteoarthritis, three; rheumatoid arthritis, two; unknown, four. 
It is significant that in few cases was more than one joint involved. The length of history 
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was often short and the patient was not infrequently quite ill, amputation being performed 
in five cases out of the first ten described. Another patient died. The picture in these cases is 
complicated by the fact that after aspiration of serous, purulent or caseous material from the 
cysts infection often occurred. This could of course explain the high amputation rate, 
particularly if the joints were tuberculous. 

Power (1887) examined some of Baker’s original specimens and stated: “In two out of 
three examples which I have been shown the cysts were in connection with tuberculous disease 
of the neighbouring joint.”” Three of Baker’s specimens in St Bartholomew’s Hospital museum 
(1929 Catalogue, numbers B144, 150, 186) have been examined histologically, including two 
of these reported on by Power, and they show typical synovial tuberculosis. 

Foucher (1856) described six cases of popliteal cysts in association with disease of the 
knee joint, but none of these had a true calf swelling. Beatty (1959) demonstrated the connection 
between a calf cyst and the popliteal fossa and knee joint by injection of contrast media into 
the cyst in the calf. In the third case now reported a similar connection was demonstrated with 
a scanograph, after injection of radioactive Ytrium. 

In rheumatoid arthritis cysts are often found in the popliteal space, presumably from 
_ herniation of the synovial membrane (Meyerding and Van Demark 1943). It is not surprising, 
therefore, that in the active stage of the disease a popliteal swelling may be forced into the 
calf deep to the gastrocnemius muscle by gravity and muscle contraction. It may show as a 
swelling anywhere in the leg, even as low as the ankle. Here it may lose its original connection 
with the popliteal space and present difficulty in diagnosis, especially when, as in the second 
case now reported, there is no clear evidence of rheumatoid arthritis. 

The main interest in this condition is in the difficulty of diagnosis. Similar difficulty was 
experienced in at least one of Beatty’s cases. 

These calf swellings may cause considerable pain and discomfort, and for this reason it 
seems reasonable to excise them; but as long as the rheumatoid process in the knee joint is 
active recurrences are possible. They should, therefore, be looked upon as extensions of the 
rheumatoid process in the knee, and the indications for surgical intervention are the same as 
for synovectomy of the knee joint. 

SUMMARY 


|. Three cases are described of a calf swelling occurring in rheumatoid arthritis. 

2. This condition has been described by Baker, though many of his patients had tuberculous 
infection of the knee. 

3. The diagnosis may present difficulty because of the distance of the swelling from its 
origin in the knee joint. 

4. Excision of the cyst is advised when it causes pain, but recurrence is likely if disease of the 
joint remains active. 


We are indebted to Mr K. S. Mullard and Mr C. G. Scorer for Case 2, to Professor E. G. L. Bywaters for 
my oy _— 3, to Dr B. M. Ansell for the scanograph, and to Dr L. E. Glynn for the microscopical report 
on Case 3. ° 
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DENNIS C. PATERSON, OSWESTRY, ENGLAND 


From the Robert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry 
and the Royal Salop Infirmary, Shrewsbury 


Retrosternal dislocation of the clavicle is uncommon, and there appear to be only 
forty-one cases recorded. Most authors have stressed the difficulty in confirming the diagnosis 


with routine radiographs. 
It is proposed to discuss here the use of tomography in the diagnosis of this condition, 


and its treatment by open reduction, which has been used in three patients. 


CASE REPORTS 


Case 1—A labourer aged twenty-two injured his right shoulder in a motor car accident. He complained 
of pain over the medial end of the clavicle, and although no fracture of the clavicle was seen on the 
radiograph he was treated with a figure-of-eight bandage. The next day he was in severe pain, which 
was centred over the right sternoclavicular joint and extended into the neck and right shoulder. 
He held his neck tilted to the right. 

There was an extremely tender swelling of the right sternoclavicular joint, and the medial end 
of the clavicle could not be felt. There was engorgement of the superficial veins of the right side of 
the chest and of the right arm, which was swollen. The radial pulse was normal and there were no 
neurological changes present. 

Antero-posterior, lateral and oblique radiographs failed to give conclusive evidence of a posterior 


dislocation of the right sternoclavicular joint. Tomographs, however, showed that the medial end of 


the clavicle was displaced one inch postero-medially behind the sternum (Figs. | and 2). 

Manipulation, by forcibly pulling on the abducted and extended arm with the proximal end of 
the clavicle held between the fingers, failed to reduce the dislocation but considerably relieved the 
symptoms. 

Open reduction was done through a transverse incision. The anterior capsule was haemorrhagic 
and swollen; when it was incised the clavicle was found to have passed through a hole in the posterior 
capsule to lie behind the sternum close to the innominate vessels. There was a complete tear of both 
the sternoclavicular and costoclavicular ligaments. The angle of the sternoclavicular joint was about 


20 to 25 degrees from the sagittal plane. The articular disc was still attached to the manubrium 


antero-inferiorly. Reduction, done with bone forceps after manipulation had failed, appeared to be 
stable. Two sutures, passed round the medial end of the clavicle, were used to tie it to the meniscus 
and the apterior capsule. A figure-of-eight bandage was applied and the patient lay for three days 
with a sandbag between his scapulae. A tomograph confirmed that the dislocation had been reduced 
(Fig. 3). 

The bandage was removed after four weeks, and the patient began active movements. Three 
months later he had returned to work and his right shoulder had a full range of painless movement 
and the sternoclavicular joint was stable. After a further three months he had normal function of the 
sternoclavicular joint. 

Case 2—A jockey aged twenty-three injured his left shoulder when he fell off a horse on to the back 
of his left shoulder. 

When seen two hours later he was complaining of severe pain behind the left sternoclavicular 
joint with a feeling of pressure on his trachea which interfered with breathing and swallowing. The 
physical signs were essentially the same as in Case | and tomographs confirmed the diagnosis (Fig. 4). 

Again manipulation failed, but gave symptomatic relief. At operation the findings were similar 
to those in Case 1, but the pulsating innominate vessels could be seen through the large hole in the 
posterior capsule. The angle of the sternoclavicular joint was a little greater than in Case 1. Considerable 
force was necessary to reduce the clavicle through the hole in the capsule. Despite this the reduction 
was very unstable until it had been sutured in the same way as Case 1. Similar treatment was given 
after operation and three months later the patient had full function in the shoulder. 


Case 3—A man aged fifty-six fell ten feet from a ladder, falling on the back of his right shoulder. 
He was seen at the Royal Salop Infirmary within two hours complaining of intense pain over the 


90 THE JOURNAL OF BONE AND JOINT SURGERY 


( 
\ 

/ 


RETROSTERNAL DISLOCATION OF THE CLAVICLE 


Fic. 2 + 


Fic. 3 
j 
) Case |. Figure 1—A tomograph at 6} inches shows the sternum and left clavicle clearly in 
focus but only a blurred outline of the right clavicle. Figure 2—At 54 inches a tomograph 
\ shows the right clavicle in focus but the left clavicle and the manubrium out of focus. 
Figure 3—After operation a tomograph at 54 inches shows both clavicles in focus. 
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Fic. 4 
Case 2—Similar findings to Case 1 were present. The dislocated head of the left clavicle is 
blurred, but was clearly in focus in another tomograph focused | inch behind the manubrium. 


Fic. 5 


Fic. 7 


Case 3. Figure 5—Tomograph at 6 inches. The left sternoclavicular joint is shown in focus 

but the right is blurred. Figure 6—Tomograph at 5 inches.» The medial end of the right 

clavicle is infocus. Figure 7—After operative reduction. Tomograph at 6 inches now shows 
the medial ends of both clavicles in focus. 
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right sternoclavicular joint, and pain on swallowing. There were swelling and tenderness over the right 
sternoclavicular joint, and the medial end of the right clavicle was thought to be depressed, though 
this was not as obvious as in Case 1. There was an abrasion over the lateral aspect of the spine of 
‘he right scapula. 

Tomographs showed without any doubt that the medial end of the right clavicle was placed one 
inch posterior to the sternum (Figs. 5 and 6). 

Manipulation having failed to reduce the displacement, open reduction was performed immediately. 
There was considerable oedema of, and haemorrhage about, the anterior capsule of the joint. This 
was incised in the line of the incision and showed the medial end of the clavicle to be displaced posteriorly. 
There was a complete tear of both the sternoclavicular and costoclavicular ligaments. The posterior 
capsule had been completely torn from its attachment to the sternum, taking with it more than half 
the meniscus of the joint. Contrary to what was found in the previous two cases, the angle of the 
sternoclavicular joint in this case was within normal limits. With traction on the abducted limb the 
clavicle could easily be replaced into its normal position but was found to be unstable. It was therefore 
supported by two mattress sutures of silk (Fig. 7). 


DISCUSSION 


Retrosternal dislocation of the clavicle can occur from direct or indirect violence but the 
latter is the most common and was probably the cause in two of our patients, in the other 
the cause could not be ascertained. From the literature anterior dislocation of the clavicle 
seems to be four to twenty times more common than a posterior dislocation. 

Our patients were quite typical in having extreme pain, radiating upwards and laterally 
from the sternoclavicular joint. The relief of paig which they obtained after attempted closed 
reduction of the dislocation and by lying with a Sandbag between the scapulae was striking 
and was a worthwhile emergency measure. i 


The swelling over the joint makes diagnosis difficult, for after a few hours the characteristic _ 


depression over the medial end of the clavicle is obscured. Respiratory distress, dysphagia, 
subcutaneous emphysema, death following damage to the trachea and great vessels, and 
double luxation of the clavicle have all been reported (Beckman 1923). Our patients had 
pressure on the superficial veins and trachea. It is interesting that in 1824 Astley Cooper 
said that pressure on the oesophagus was likely but he felt that elasticity of the trachea would 
prevent it being compressed. Cooper in 1930—according to von Stapelmohr (1932)—reported 
symptoms of tracheal pressure in a patient treated by resecting the medial end of the clavicle. 

Although the diagnosis of retrosternal dislocation of the clavicle can be made on clinical 
grounds, confirmation by routine radiography is not easy. Tomography, however, provides a 
simple and accurate method of showing the dislocation, as was first suggested by Kennedy 
in 1949 and was used by Holmdahl in 1954. 

Tomographs of the normal individual lying supine show that the medial ends of both 
clavicles are in focus less than half an inch posterior to the manubrium, to which they bear an 
identical relationship. When a posterior dislocation is present the medial end of the clavicle 
is in focus in a plane posterior to the manubrium. 

Gunther (1949); Butterworth and Kirk (1952); Stein (1957); and Ferry, Rook and 
Masterson (1957) were in favour of conservative treatment, but Greenlee (1944), Kennedy 
(1949), Holmdahl (1954), and Stein (1957) in one of his patients, advocated operation; 
arthrodesis, removal of the whole or of the medial end of the clavicle and repair of the damaged 
tissues have all been done. Kennedy (1949) and Holmdahl (1954) advised open reduction to 
relieve the pressure on the great vessels and other structures and to obtain stable reduction, 
using as little internal fixation as possible to allow the joint to return to full function. Kennedy 


also found that the articular disc remained attached to the manubrium and that the sterno- 


clavicular and costoclavicular ligaments were torn, as was the case in our patients. 


EXPERIMENTAL FINDINGS 


It was not possible to produce an indirect force sufficient to produce this dislocation in 
cadavera. However, from experiments done during dissection of the region concerned it 
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appears that there are three important factors that must be present before this dislocation can 
occur: 1) The angle of the sternoclavicular joint to the sagittal plane shows a large variation 
but most subtend an angle of only 


SAGITTAL |] PLANE OF a few degrees to the sagittal plane. 
PLANE | THE JOINT 

In two of our patients this angle was 

o°~ 5° increased to between 20 to 25 degrees, 

No thus facilitating a posterior disloca- 

CLAVICLE tion when force is applied in the 

; line of the clavicle (Fig. 8). 2) The 

NORMAL mobility of the joint and the amount 


SLANE OF of joint space varied, but usually 
PLANE 1257 ° JOINT decreased with the age of the subject. 

a 3) The position of the clavicle along 

/ which the force is applied is natur- 
ally important, and, in one cadaver, 
it was possible to produce a 
subluxation of a mobile joint, by 
applying force to the shoulder with 


ABNORMAL 


int the arm flexed and adducted. Other 

IG. 

A diagram to show the normal angle of the sternoclavicular j joint positions were tried but without 
above, and, below, the angle in two of the patients described. SUCCESS. 


SUMMARY 
1. The symptoms, signs and treatment of three patients with a posterior dislocation of the 


clavicle are described. 
2. The value of tomography in confirming the diagnosis is outlined. 
3. Certain experimental work has been done in an attempt to determine the factors necessary 


to produce this dislocation. 


I would like to express my sincere thanks to Mr G. K. Rose for his help in this paper and for permission to 
publish his three cases. I am most grateful to Mr Robert Roaf for his guidance and criticisms in the preparation 


of this paper. 
My thanks are also due to Mr R. H. Nicholls, Superintendent Radiographer, Royal Salop Infirmary, 
Shrewsbury, for the radiographs, and Mr J. B. M. Southern for the photographs. 
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ACUTE OSTEITIS OF UNDETERMINED ORIGIN 
WITH NEURO-INFECTION 


JANINA MARKOWA, CRACOW, POLAND 


From the Cracow Academy of Medicine, Cracow 


It is not yet known whether viruses can cause osteitis and, if so, which groups of viruses 
have special affinity for bone and what histopathological changes they may cause. A diagnosis 
of virus osteitis is therefore merely a hypothesis. None the less, in a case which we have 
observed, it assumes features of probability. 


CASE REPORT 


A boy of seven was admitted because of symptoms of acute inflammation of the left 
hip joint and of the brain. The illness began with a sudden rise in temperature, vomiting, 
abdominal pain and diarrhoea, and acute pain in the left knee. He had a history of two 
convulsions, with loss of consciousness for two hours, during which time he could not speak. 
After the second attack he appeared to be seriously ill and was taken to the district hospital, 
and two days later was transferred by aeroplane to this hospital with a tentative diagnosis of 
tuberculous arthritis of the left hip and tuberculous meningitis. 


Fic. 


A radiograph of the pelvis of the boy on admission showing the enlargement of the joint space of the 
left hip, but there are no changes in the bone. 


On examination the child was severely ill. He had a temperature of 102 degrees Fahrenheit 
(39 degrees Centigrade), but he was conscious, with a mator aphasia, a spastic tetraparesis, 
and neck rigidity preventing the chin from coming closer than three inches to the sternum. 
The left hip had a flexion contraction of 50 degrees and was held motionless by spasm due 
to pain. There was tenderness over the greater trochanter. The contours of the hip and 
the leg were normal, and there was no swelling or wasting of the thigh. 
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A radiograph of the pelvis (Fig. 1) showed a marked increase in the joint space of the 
left hip, but no bony changes. 

Aspiration of the hip joint produced forty millilitres of blood-stained fluid with shreds 
of necrotic tissue. Antibiotics were instilled intra-articularly, and a plaster spica with the hip 
in the neutral position was applied. 

The synovial fluid was sterile on culture, as was the cerebrospinal fluid and the blood. 
The tuberculin test, the Wassermann and Widal reactions and the brucellosis agglutination 
test were all normal; there was no abnormality in the erythrocyte count during the whole 

- period that the child was ill. Cerebrospinal fluid, synovial fluid, and blood were injected 


Fic. 2 Fic. 3 
Six weeks after the onset of illness antero-posterior and lateral radiographs of the hip and upper 
femur (Fig. 2) show the extensive destructive changes, and the lower femoral shaft (Fig. 3) with the 
translucent cavities. 


intraperitoneally into three guinea-pigs. These died after two weeks with identical symptoms 
of progressive cachexia, but no evidence of tuberculosis was found on dissection. 

During the next six weeks the child received systemic and intra-articular antibiotics, 
transfusions of banked and fresh blood, large doses of vitamins and a high-protein diet. 
He had a swinging temperature of 102 degrees Fahrenheit (39 degrees Centigrade). After 
six weeks the upper part of the plaster spica was cut away, leaving the leg encased. Clinical 
examination showed that there was no deformity at the hip, which looked normal, as also 
| did the thigh, though both were tender on palpation. At that time radiographs showed a - 
normal joint cavity but extensive destructive changes in the head, neck, and whole femoral 
shaft down to its lower epiphysis (Figs. 2 and 3), with round translucent cavities showing in 
the lower femoral shaft. 
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Fics. 4 AND 5 


The appearance of the biopsy material removed at 
biopsy from the child’s thigh fifteen weeks after 
admission. Figure 4 shows the periosteum and 
connective tissue adjacent to the trabeculae with 
plasma cell infiltration. (* 150.) Figure 5 shows 
connective tissue between two trabeculae with 
accumulations of plasma cells. (< 300.) 


Fic. 6 

The histology of the lung tissue of a guinea-pig 
that died after inoculation with material taken 
from a bone cyst in a rabbit previously inoculated 
with material from a femoral cyst in the boy. It 
shows the changes of pneumonia, with hypertrophy 
of the connective tissue, exudate and desquamated 
epithelium in the alveoli and non-specific inflam- 

matory infiltration of the stroma. (x 150.) 


7 
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Fic. 7 Fic. 8 
The femora of two rabbits that developed similar lesions in the femoral shafts to that seen in the boy. 


The general condition of the child did not improve; the neck rigidity continued as before, 
there was motor aphasia, and spastic tetraparesis. After ten weeks of treatment with various 
antibiotics the temperature suddenly fell to normal, the neck rigidity slowly improved 
and the child unexpectedly began to speak. He talked sensibly, and 
his mental development corresponded to his age. He remembered 
that he had suddenly been taken ill, but did not remember his journey 
by aeroplane. He complained of pain in the left leg. The spasticity 
continued, and in moments of anxiety there were distinct tremors in 
the upper limbs and stammering. A skeletal survey failed to show any 
lesion except that in the left femur. 

Fifteen weeks after the child had been admitted his blood serum — 
gave a doubtful result when tested for antibodies to the viruses causing * 
encephalitis. Unfortunately, the possibility of neuro-infection was 
considered too late. 

The left leg remained in the plaster splint, and during the whole 
of this time the thigh was neither swollen nor inflamed. Twenty weeks 
after admission the movements in the left hip were full, though painful 
at the extremes, The knee joint had a painless range of movement 
up to 80 degrees of flexion, and the tenderness of the thigh had gone. 
The spasticity remained. 


Fic. 9 


A radiograph of the left femur eight months after admission showing the healing 
and regeneration of the bone. 
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At this time a biopsy of the lower femoral shaft, above the lower epiphysis, was done. 
The periosteum was engorged and irregularly thickened; the cortex of the femur was smooth 
ind showed no gross changes, but beneath this was a cavity from which flowed a milky fluid. 
There was no granulation tissue to be seen in the cavity but at the bottom there was some 
naterial with a consistency of cartilage. Cultures of the milky fluid were sterile, Histological 
»xamination of the bone (Figs. 4 and 5) and of the periosteum and muscle showed infiltration 
vith plasma cells. Three rabbits were inoculated with the milky fluid—in the hip joint in one 
ind in the upper femoral epiphyses of the other two. The first rabbit died after six weeks, 
vith symptoms of progressive cachexia. A cyst was fourtd in the neck of the femur on 
he inoculated side, there was haemorrhagic oedema of the brain, and the lungs showed 
flammatory lesions. Histological examination of the affected bone showed cysts with plasma 
cell infiltration. A guinea-pig was inoculated intracerebrally with the contents of the bony 
avity from the first rabbit. This guinea-pig died after six weeks, with symptoms of general 
achexia, and on dissection a massive pneumonia (Fig. 6) and encephalitis were found. The 
‘ther two rabbits survived for three and four months respectively but both died from cachexia, 
und, on dissection, haemorrhagic oedema was found in the brain besides lesions in the bones. 
Xadiographs (Figs. 7 and 8) showed a patchy rarefaction of the femoral shafts, with dilations 
of the shaft, almost cystic in character, which involved nearly the whole of the bone. In one 
rabbit the hip was distended as well. Histological examination showed the bone to be 
infiltrated with plasma cells. 

With the exception of the spasticity the child is well and has returned to school; he does 
not complain of his left leg. A radiograph thirty-two weeks after admission shows the lesion 

in the femur to be improving (Fig. 9). 


DISCUSSION 


The most surprising aspect of the illnesy of this child was the acute inflammation of the 
whole of the femur with no local physical signs of inflammation, but with the radiographic 
changes of a rapidly spreading and extensive destruction; and an almost equally rapid 
recovery. In spite of the great destructive changes in and near the femoral head the circulation 
does not appear to have been disturbed. 


SUMMARY 


|. A child is described in whom an acute osteitis was produced by some organism which 
could neither be identified nor cultured in vitro, and which provoked a violent general reaction 
but which also showed a distinct affinity for the central nervous system. 

2. This organism survived in a cavity in the femur for four months; it preserved its pathogenic 
properties, and could only be cultured in living tissue. 

3. A twice repeated passage through animals increased the toxicity of this organism and 
proved its affinity for the central nervous system. 

!. This organism may have been a virus similar to those producing encephalitis. A final 
"answer may be obtained by further attempts to provoke experimental osteitis with live cultures 
of viruses in animals. 
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TENNIS ELBOW 


R. S. GARDEN, PRESTON, ENGLAND 


From the Orthopaedic Department, Preston Royal Infirmary 


The condition which is so inaptly known as tennis elbow is chiefly an affliction of middk 
age (Fig. 1). Many patients seek relief from this complaint, but few are found to be activ: 
participants in the game from which this syndrome has derived its name. The tern 
** epicondylitis ’*’ which Continental writers have preferred is equally unsatisfactory, and it i: 
unlikely that an acceptable nam« 
for this condition will be founc 
until its true pathology is known. 

Tennis elbow is widely re 
garded as a minor ailment whicl 
causes little more than an incon. 
venience to the patient. It is wel: 
known, moreover, to be a self- 
limiting condition which seldom 
persists for longer than twelve 
months under the age of sixty, and 
which, once cured, is unlikely to 
return (Cyriax 1936). Although 
this may generally be true, there 
are occasions when the disability 
is more serious. The workman 
who is prevented from earning his 


NUMBER OF 35 
PATIENTS 


AGE 30), 35), 40), 45), 55/ 60/, livelihood by pain over the outer + 
7 (Years) waged. aspect of his elbow regards the 


Fic. 1 condition as an economic calamity. 


Age incidence of tennis elbow in 131 patients (total number of He finds little comfort in the in- 
elbows affected 137: women eighty-itwo; men forty-nine). The 
symptoms were bilateral in six patients. formation that spontaneous cure 

is to be expected in time, and 


demands more active measures to hasten his relief. Many methods of treatment have been 
suggested, but much has been done in the past to discredit these measures by inaccurate 
diagnosis. In present-day practice, however, the label of tennis elbow is no longer applied 
to all manner of vague discomforts in the upper limb, but is reserved only for those cases 
which satisfy well established diagnostic criteria. 


DIAGNOSIS 


The syndrome of tennis elbow is characterised by pain over the outer aspect of the elbow 
and by aggravation of this pain on radial extension of the wrist. The essential features in 
diagnosis are: 1) tenderness on pressure over the region of the radio-humeral gap, and 2) acut 
discomfort during resisted extension of the wrist. In the absence of these findings the diagnosi: 
of tennis elbow should not be made. Such actions as raising a cup, using a hammer or liftin; 
a shovel typify the particular movement which initiates the pain, and the wrist extension tes 
is but a convenient way of reproducing this movement. This test is best performed with th 
elbow in extension, but it may sometimes be found that the patient who suffers from tenni: 
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elbow is unable to extend this joint fully (Mercer 1959), and an elastic resistance to the last 
‘ew degrees of extension is encountered by the examiner comparable to that found with a 


locked semilunar cartilage in the knee. 


PATHOLOGY 


With such clearly defined clinical and diagnostic features the continued obscurity of the 
pathology in tennis elbow is surprising. This problem would doubtless have long been 
slarified had the surgeon been less reluctant to explore the elbow in a condition which scarcely 
varrants such interference with this unusually sensitive joint. 

Since the condition was described by Runge in 1873 a bewildering list of suggestions in 
egard to causation and to treatment has appeared. Local inflammation, muscular or 
igamentous strain, bursal irritation, nipping of synovial fringes, teno-periosteal tears, 
jisturbances of local metabolism, degenerative changes in the orbicular ligament and cervical 
‘oot irritation have each been held responsible for the symptoms. Further confusion has 
ollowed the attempts that have been made to classify this syndrome into different categories 
according to the site of greatest tenderness over the outer aspect of the elbow. The tender 
point may be found to lie along the epicondylar ridge, over or in front of the lateral 
epicondyle, in the region of the radio-humeral joint, or more distally in the extensor muscle 
mass. Such variation does not necessarily support the assumption that different types of 
lesion exist. 

The most constant feature of the syndrome is the production of pain during extension 


_of the wrist in radial deviation. This movement is performed by the extensor carpi radialis 


longus and brevis. Cyriax (1954) pointed out that, since the tenderness in tennis elbow is most 
frequently situated in the region of the lateral epicondyle, the fault is more likely to lie in 
the short radial extensor, which arises mainly from this epicondyle, than in the long extensor 
which arises more proximally along the lateral epicondylar ridge. 

A tear between the common extensor origin and the underlying periosteum is still the 
most popular conception of the lesion in tennis elbow. Despite the accessibility of the epicondyle 
no indisputable evidence of such a tear in these tough structures has ever been forthcoming. 
A lesion in this situation. should cause pain during the contraction of any, or all, of the muscles 
which derive from the common extensor origin. Since this does not occur, it would suggest 
that the origins peculiar to the extensor carpi radialis brevis are alone involved. This muscle 
is the only member of the superficial extensor group which arises from the lateral ligament 
which, in turn, blends with the capsule of the elbow and is inserted into the orbicular ligament. 
If the lesion were to lie in the lateral ligament, forced adduction of the elbow should be 
accompanied by the discomfort which is associated with the tennis elbow syndrome. This 
manoeuvre, however, seldom reproduces faithfully such discomfort, and may on occasion be 
followed by complete and permanent relief of symptoms. 

The curative value of forced adduction of the elbow may be related to the traction which 
the tautened lateral ligament must exert upon its distal and relatively mobile anchorage, the 
orbicular ligament. This ligament is believed to play a significant role in tennis elbow. 
Bosworth (1955) and Meyer (1957) advised its resection for the relief of pain when conservative 
neasures failed, and Bosworth stated that microscopic examination revealed evidence: of 
iyaline degtneration and disorganisation of its structure. Compere (1956) reported that he 
iad resected the orbicular ligament when operating for tennis elbow and had usually found a 
utton-hole split in its substance. These observations, together with the finding that tennis 
lbow is commonly associated with middle age, support the belief that degenerative changes 
n the orbicular ligament constitute the underlying pathology in this condition. However 
his may be, contraction of the extensor carpi radialis brevis must still be singled out as the 
actor that produces pain in tennis elbow. 
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CONSERVATIVE TREATMENT 


The treatment of tennis elbow by splinting, physiotherapy or manipulation has long beer 
practised, and many patients are relieved by these means. The local injection of hydrocortison 
and more recently of prednisolone, oxygen or air (Hoyer 1957) has replaced many of th 
conservative methods of treatment. Hydrocortisone injection into the site of greatest tenderness 
although somewhat erratic in its effects, is now a well established method of treatment 
Occasionally full relief may follow this injection, but usually relief of symptoms is incomplete 
Most patients are able to tolerate the residual discomfort without undue complaint. A fev 
fail to benefit in any way, but a proportion of these will respond to a second injection eithe 
into the point of tenderness or directly into the joint itself. Hollander (1953) stated that-in th 
treatment of tennis elbow the injection of hydrocortisone directly into the elbow joint is ofte: 
desirable. The results of this technique have been studied during the past three years in . 
trial series of 114 patients treated by the introduction of 25 milligrams of hydrocortison 
acetate directly into the radio-humeral joint irrespective of the site of greatest tendernes:. 
After a full skin preparation the injection was given in the operation theatre. Of the patient, 
treated in this way seventy-four (65-4 per cent) were relieved of their symptoms after on: 
injection, and eleven of twenty-one patients were relieved after a second injection. A satisfactor / 
response to one or two intra-articular injections was thus obtained in eighty-five of the 11} 
patients (75-2 per cent). This represents only a slight increase in the number of successft! 
results as compared with the published figures for hydrocortisone injection into the site of 
tenderness, and cannot be held to justify the additional risks which injection into the joint must 
entail. It is clear, however, that most patients who suffer from tennis elbow can be sufficiently 
improved by a local hydrocortisone injection to make further treatment unnecessary, and 
operative intervention need be reserved only for the recalcitrant lesion which has defied 
conservative therapy. 


OPERATIVE TREATMENT 


Many operations have been devised for the treatment of tennis elbow, of which excision 
of the tender area, ablation of the common extensor origin, Hohmann’s (1926) operation, . 
Bosworth’s (1955) resection of the orbicular ligament and Kaplan’s (1959) denervation of the 
radio-humeral joint are examples. Excellent results are to be expected from these procedures. 
but they all share the disadvantage of a direct attack upon the region of the elbow joint itself. 
Although operative measures are justified when conservative treatment fails, surgical 
intervention at the elbow is never to be undertaken lightly. 

With these observations in mind, and in the belief that contraction of the extensor carpi 
radialis brevis was the factor principally involved, it was decided to investigate the effect of 
temporarily interrupting the action of this muscle. The function of an individual muscle may 
be interrupted in one of several ways. Its nerve of supply may be crushed or injected with 
alcohol, its tendon may be resected, transfixed“or sutured to a neighbouring tendon, or it 
may simply be divided. Of these, subcutaneous tenotomy of the easily identifiable tendon of 
the extensor carpi radialis brevis at the wrist appeared to be the most expedient. 

This minor procedure was therefore carried out in a patient who had failed to respond 
to conservative therapy and who was complaining of considerable pain. Immediately after 
the tenotomy local tenderness at the elbow disappeared and wrist extension could be readi!y 
sustained. This subcutaneous tenotomy was repeated in five further patients with the same 
result. In two of these patients, however, some discomfort at the tenotomy site persisted 
for several weeks. Although the discomfort at no time assumed the disabling qualities of the 
symptoms at the elbow before operation, it was unsatisfactory. The tendon of the extensor 
carpi radialis brevis lies in a synovial sheath at its insertion and is closely related to |ts 
neighbouring tendons and to the wrist joint itself. It seemed, therefore, that local disturban:e | 
would be less likely to follow division of the tendon above the level of its synovial sheath. Opn 
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yperation was no longer troublesome. 


In an attempt to simplify the interruption of the action of extensor carpi radialis brevis 
he tendon of this muscle was sutured to the overlying tendon of extensor carpi radialis longus, 
yut the improvement which followed this procedure was clearly less positive than the relief of 


ymptoms which accompanied actual lengthening of the tendon itself. 


EXTENSOR POLLICIS BREVIS 
ABDUCTOR POLLICIS LONGUS 


INCISION 


Fic. 2 


Incision for Z-lengthening of the extensor carpi radialis brevis tendon above the level 
of its synovial sheath. 


Operative technique—Open lengthening of the tendon of extensor carpi radialis brevis may be 
carried out under local anaesthesia, but general anaesthesia in conjunction with a pneumatic 
tourniquet is to be preferred. A small incision is made over the dorsi-lateral aspect of the 
forearm just proximal to the point at which the thumb extensors cross the radius obliquely 
(Fig. 2). The incision is deepened to 
show the flattened tendon of extensor 
carpi radialis longus, which is then drawn 
gently aside to expose the underlying 
tendon of extensor carpi radialis brevis. 
This tendon is also flattened and may 
consist of as many as five distinct sub- 
sections. If the incision is correctly placed 
no muscular fibres will be exposed, and 
the tendon can be cleanly divided by a 
Z-shaped tenotomy (Fig. 3). When 
division is complete and the cut ends 
have separated a catgut suture is inserted 
to hold the divided ends loosely together, 
and the wound is closed. 
No restrictions need be placed upon Fic. 3 
the patient’s activities other than the Open lengthening of the extensor carpi radialis brevis by 
Z-shaped tenotomy. 
avoidance of vigorous use of the arm 
Juring the first few days after operation. Early in the series one patient insisted upon returning 
‘o work immediately and the distal end of the divided tendon was later found curled up in a 
1odule at the wrist. A second patient used a wood chopper on the day of operation and the 
listal end of the tendon worked itself downwards in the same way. Since then the precaution 
1as been taken of inserting a catgut holding suture, and this complication has not again been seen. 
Xesults—The relief from pain which may be expected from lengthening of the extensor carpi 
adialis brevis tendon would be offset if weakness in the forearm or hand persisted. Such 
véakness in radial extension or in the power of the grip has never been a troublesome feature 


EXTENSOR CARPI 
RADIALIS LONGUS 
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engthening of the tendon was then undertaken just distal to the musculo-tendinous junction. 
The same relief of symptoms followed this procedure and persistent tenderness at the site of 


d 

d 

n 

i, 

e 

S. 

al 
pl 

yf 

it 
of 
Te 
er 

ly 

d j 
he § 

iS 

n 


104 R. S. GARDEN 
TABLE I 
’ CLINICAL DETAILS IN Firty PATIENTS TREATED BY DIVISION OF THE EXTENSOR CARPI RADIALIS BREVIS TENDON 
Case Side ~~ Date of | 
te 
number Sex ( a ol Occupation affected symptoms operation | 
(months) | 
l F 52 Housework R 6 15/6/54 
2 M 39 Carpenter R 4 31/8/54 | 
3 M 46 Crane driver L 5 21/9/54 
4 F 42 Weaver R 6 21/9/54 
5 M 49 Brick burner R 2 21/9/54 
6 M 56 Company director R 4 12/10/54 
7 M 49 Farmer R 3 12/10/54 
8 F 60 Housework R 3 24/10/54 
) F 36 Housework R 4 9/11/54 
10 F 47 Teacher R 3 30/11/54 f 
11 M 4l Painter ag 3 4/1/55 
12 M 34 Butcher L 3 18/1/55 
13 M 47 Shoemaker R 2 1/3/55 | 
14 F 36 Bookkeeper R 4 8/3/55 | 
15 M 33 Representative R 4 22/3/SS 
16 M 47 Labourer R 9 22/3/55 
17 M 53 Salesman R 3 10/S/SS | 
18 F 47 Housework 3 2 24/5/55 
19 M 43 Fireman L 3 31/5/55 
20 F 62 Cook R 3 7/6/SS | 
21 M 49 Mechanic L 5 23/8/55 | 
22 M 44 Police officer R 3 23/8/55 
23 M 47 Labourer R 4 20/9/55 
24 M 36 Electrician L 5 410/55 
25 F 57 Housework R 6 18/10/55 
26 see 45 Weaver R 9 25/10/55 
27 F 46 Housework R 4 25 10/55 
28 M 45 Police officer R* 3 2/12/55 | 
29 M 50 Overlooker 3 5 12/7/56 | 
F 45 Clerk R 4 10/7/56 | 
F 36 Domestic help R 4/12/56 
3 M 36 Moulder R - 5 8/1/57 
33 F 48 Housework R 4 5/3/57 
34 F 49 Housework R ) 2/4/57 
35 M 59 Planer R 3 21/5/57 
36 M 42 Foundry worker R 3 28/5/57 
37 F 48 Housework L 3 7/6/57 
38 F 50 Chemist R 3 16/7/57 
39 M 45 ‘Packer R 6 23/7/57 
40 F 49 Weaver R 4 20/8/57 
41 F 43 Typist R 7 20/8/57 
42 F 37 Shop assistant R 5 25/9/57 
43 F 45 Shop assistant R 8 3/12/57 
. 44 F 44 Housework R 9 12/12/57 
Local Government 
45 M 61 Laos R 4 12/12/57 
46 M 46 Clerk R 6 2/1/58 
47 F 45 Housework R 3 29/5/58 
48 M 45 Labourer R 3 19/8/58 
49 M 42 Electrician R 8 9/10/58 
50 M 42 Motor engineer R 4 4/11/58 


* Left hand dominant. 
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TABLE I—continued 
CLINICAL DETAILS IN FirTy PATIENTS TREATED BY DIVISION OF THE ExTENSOR CARP! RADIALIS BREVIS TENDON 


| Follow-up period 
| (years months) Right Left Right Left 
Closed tenotomy 5 l 65 63 13 11 
Closed tenotomy 4 11 117 110 17 14 
Closed tenotomy 4 10 85 65 123 10 
Closed tenotomy 4 10 40 30 9 84 
Closed tenotomy 4 Pp 70 80 12 i2 
Closed tenotomy 4 +9 95 90 * 12 105 
Z-lengthening 4 9 95 80 14 125 
Z-lengthening 4 9 32 35 7 7 
Z-lengthening 4 8 55 56 8 8 
Z-lengthening 45 30 4 2 
Z-lengthening 4. 7 85 85 11 154 
Z-lengthening 4 7 85 95 143 16 
Z-lengthening 4 7 95 80 14 12 
Z-lengthening 4 7 62 $2 6 6 
Z-lengthening — 4 7 70 65 14 11 
Z-lengthening 4 7 55 60 6 10 
Z-lengthening 4 2 55 55 10 9} 
Z-lengthening 4 2 50 65 8 11 
Z-lengthening 4 2 80 75 16 14 
Z-lengthening 4 I 40 35 74 7 F 
Z-lengthening 3 11 68 60 12 8 ~ 
Z-lengthening 3 11 80 65 10 7 
Z-lengthening 3 10 90 60 10 7 
Z-lengthening 3 . 9 55 55 74 7 
Z-lengthening 3 9 45 45 7 6 
Z-lengthening ol 9 30 45 6 8 
Z-lengthening 3 9 45 55 54 8 
Z-lengthening 3 7 65 70 64 84 ; 
Z-lengthening 3 75 70 8 7 : 
Z-lengthening 3 65 65 8 74 
Z-lengthening 2 7 65 60 7) 74 
Z-lengthening 2 6 75 75 9} 9} 7 
Z-lengthening 2 4 50 40 64 6 
Z-lengthening 2 3 40 55 5 54 
Z-lengthening 2 re 55 60 7 63 
Z-lengthening 2 65 60 15 14 
Z-lengthening 2 l 50 40 64 6 
Z-lengthening 2 50 45 8 8 
Z-lengthening 2 80 80 10 11 
Z-lengthening I 11 45 45 6 54 
Z-lengthening l 11 50 - 40 6 54 
Z-lengthening I 10 55 50 83 8 7 
Z-lengthening l 8 55 60 6 7 | | 
Z-lengthening l 8 55 45 6 5 | 
: Z-lengthening I g 66 60 9 8 
Z-lengthening 7 55 55 84 94 : 
Z-lengthening | 2 35 35 63 63 ; 
Z-lengthening 70 70 94 8 
Z-lengthening 7) 60 55 7 63 
Z-lengthening 9 75 65 10 84 ; 
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of the recovery phase. As is not unusual after division of extensor tendons elsewhere, 
spontaneous healing has followed division of the extensor carpi radialis brevis as judged by 
palpation of its tendon at the wrist. Healing with some degree of lengthening must certainly 
occur, but this should be compensated for by adaptive muscle shortening. Theoretically 
permanent interference with muscle power is unlikely to be other than minimal, but if the 
advocacy of this procedure is to be justified fully it must be supported by a study of the late results 
of the operation in a sufficient number of patients observed over a reasonable length of time. 
For this purpose the first fifty patients treated by this operation were re-examined after nine 
months to five years. Each patient was subjected to dynamometer grip tests and to 
spring balance measurement of radial extension power (Table I). The tendon of the extensor. 
carpi radialis brevis was examined at the wrist, and the patients were questioned about 
persistence of symptoms at the elbow or tenderness at the operation site. 

Analysis of these results suggested that no patient failed to benefit in some way from the 
operation, and most obtained full and lasting relief. Residual complaints were of a minor 
character, and the dynamometer and spring balance tests showed no significant reduction in 
the power of wrist extension or grip. The length of time lost from work after this operation 
varied considerably and was largely dictated by the presence of the wound dressing. The 
clerical worker was able to resume work almost immediately and the heavy worker within a 
few weeks of the operation. 

SUMMARY 
1. Tennis elbow is largely an affliction of middle age, and it is believed that degenerative 
changes in the orbicular ligament may underlie its pathology. 
2. It has been shown that most patients may be relieved by either extra-articular or intra- 
articular injection of hydrocortisone, and operative intervention is required only in a minority 
of cases. 
3. Contraction of the extensor carpi radialis brevis is considered to be the principal pain- 
producing factor, and Z-lengthening of the tendon of this muscle has been found to relieve 
the symptoms when conservative measures have failed. 
4. The late results in fifty patients have shown that this operation causes diminution neither 
of the power of wrist dorsiflexion nor in the efficiency of the grip. The operation may therefore 
be undertaken with every prospect of relieving the discomfort of tennis elbow without inviting 
alternative disability. 


I wish to thank my registrars, Mr F. F. Silk and Mr D. G. Wray, who have conducted the trial series of 
intra-articular injections, and who have given much assistance with the follow-up review. 
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EXTRA CENTRE OF OSSIFICATION FOR THE 
MEDIAL MALLEOLUS IN CHILDREN 


Incidence and Significance 


H. D. W. Powe__, HIGH WycomsBe, ENGLAND 
Formerly Senior Orthopaedic Registrar, Manchester Royal Infirmary 


The incidence and significance of extra centres of ossification in the human foot have 
een investigated by many workers during the past fifty years, but little attention has been 
yaid to the existence of such centres for the malleoli. This paper draws attention to an extra 
entre of ossification for the medial malleolus. 


PREVIOUS INVESTIGATIONS 


Fairbank (1923, 1925) found three girls each aged ten years who had an extra centre in 
cach ankle. In two children the centre was unilateral. Mouchet (1923) reported the case of a 
boy whose ankle was radiographed three times at six-monthly intervals. The extra centre, 
visible on the first occasion, was larger on the second, and in the third had fused completely 
into the normal medial malleolus. Lapidus (1933) Saw a man of twenty-three years with a 
sprained right ankle who gave a history of a similar incident eight years before. Radiographs 
on the latter occasion showed bilateral separate ossicles in the medial malleoli.. He also 
reported the case of a boy of nine with bilateral extra centres of ossification. He differentiated 
between the os subtibiale, seen in his first patient, and an “ inconstant ossification centre ” 
seen in the second. Watkins (1937) stated that a separate tip of the medial malleolus was 
occasionally found, and Rigler (1937) reported a separate medial malleolar ossicle in each of 
individual triplets. 

Trolle (1948) attributed the term os subtibiale to Bircher (1918); we suggested the alternative 
term of talus accessorius, and showed the radiograph of a man of forty-seven with bilateral 
ossicles. In a large series of human embryos the os subtibiale was never found as an independent 
cartilaginous element, and Trolle regarded it as a false accessory bone. He also stated that 
among fully grown vertebrates the os subtibiale has so far been found only in adult humans. 
O’Rahilly (1953) stated that this ossicle is seen mostly in children, and in many cases appears 
to be a malleolar epiphysis. Caffey (1956) found a separate centre on one or both sides in a 
small proportion of healthy children who had no sign of disease near the ankles. 

Hoed (1925) published the results of his radiological findings in 150 healthy Dutch children 
aged six to twelve, in each of whom one ankle was examined radiologically as part of another 
investigation. In twenty-one of these 150 ankles there was a separate centre for the tip of the 
medial malleolus, fourteen in boys and seven in girls. 


CASE REPORTS 


Case 1—A boy of twelve attended the orthopaedic clinic of the Royal Manchester Children’s 
Hospital in February 1959, complaining of pain and swelling of his right ankle for a few 
weeks, with no known antecedent injury. He had no limp, but the medial malleolus was tender. 
The right medial malleolus appeared unduly prominent, there was no discomfort over the 
tendon of tibialis posterior, no Jocal oedema or heat, and movements of the ankle and foot 
were equal to those on the other side. Radiographs showed separate centres of ossification 
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for each medial malleolus (Fig. 1). He wore a crépe bandage for two weeks without benefit, 
and was then given an injection of 25 milligrams of hydrocortisone acetate at the site 
of tenderness. Two weeks later his pain and tenderness had entirely disappeared. Further 


Fic. 1 


Case 1—Right and left ankles of a boy of twelve showing extra centres of ossification for 
both medial malleoli. Symptoms from right ankle only. 


Fic. 2 
Case 1—Right and left ankles of the same patient five months later. Both the extra medial 
malleolar centres are becoming incorporated. 


. radiographs taken five months after his original attendance (Fig. 2) showed that the extra 

centres in both ankles were becoming incorporated in the normal lower tibial epiphyses. 

: Case 2—A boy of twelve attended the orthopaedic clinic of the Royal Manchester Children’s 

. Hospital in December 1957 complaining of aching in both ankles for a few weeks, especially 
after playing football, with no history of any preceding injury. There wa$"slight swelling 


on the inner side of the right ankle. Erythrocyte sedimentation rate was 4’millimetres per n 
hour, and Mantoux test was negative at | per 10,000. His mother at that time was attending t 
her local chest clinic with a healed tuberculous lesion. Radiographs of the ankles showed Ic 
separate centres of ossification for each medial malleolus, and a separate centre at the tir Na 
of the right lateral malleolus (Fig. 3). He was seen at intervals in the clinic; in March 195¢ it! 
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\is right ankle was entirely symptomless, and radiographs (Fig. 4) showed normal mediat 
nalleoli of much more adult appearance, with no separate ossification centres any longer ~ 
isible; the separate centre for the right lateral malleolus was still visible. 


Fic. 3 


Case 2—Right and left ankles of a boy of twelve showing extra centres of ossification for 
both medial malleoli, and a separate centre for the right lateral malleolus. He complained 
of aching in both ankles. 


— 


Fic. 4 


Case 2—Right and left ankles fifteen months later. On the right side the extra centre for 
the lateral malleolus remains separate. 


ADDITIONAL MATERIAL FOR STUDY 


In view of the high incidence of these centres shown in Hoed’s paper (1925), and the 
ncertainty shown by other authors as to the significance of the finding of a separate centre 
t the medial malleolus, an investigation was carried out at the Royal Manchester Children’s 
fospital. One hundred children (fifty-one boys and forty-nine girls) being radiographed for 
nany different reasons, none in any way connected with an injury to or known disease of 
ither ankle joint, had radiographs taken of both ankles. These hundred childrem were in 
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no other way specially selected, except that those examined were between six and twelve years 
old, and no particular attempt was made to select an equal number of boys and girls (Table 1). 


TABLE I 
ANALYSIS OF MATERIAL STUDIED 
Number of children 
(years) Boys Girls 
6 l 2 
7 7 4 
8 3 8 
12 10 
10 11 10 
11 6 
12 7 
Total 51 49 


Twenty of these children (twelve boys and eight girls) showed extra centres, bilateral in 
thirteen and unilateral in seven. They were found in every yearly age group except in the | 
twelve-year-old children (Fig. 5). There was a slight preponderance of boys among those 
affected (Fig. 5). Representative appearances for each year are shown in Figures 6 to |}. 


or uniwaterat 


e BILATERAL 


CASES 


AGE (years) 


Fic. 5 


Sex incidence and incidence of unilateral and bilateral extra 
centres of ossification for the medial malleolus in twenty 
children. 


DISCUSSION 


. Caffey (1956) stated: “ It is a pity that, sixty years after Roentgen’s discovery of x-rays, 
knowledge of the normal is still so defective—a deficiency which can be overcome only by 
comprehensive radiologic study of large groups of healthy infants and children of all ages.” 
Most of the reports of separate medial malleolar centres of ossification in children have 
described only one or two cases, or have implied that such centres are not often present. 
The only paper found which attempts to define the incidence more accurately is that by Hoed 
(1925), and his observations were confined to the one ankle in each child. However, his finding 
of separate centres in 14 per cent of those examined agrees closely with the present observations 
on the ankles of 100 children in whom 13 per cent showed extra centres in both ankles, and 
another 7 per cent showed separate centres in one ankle only. 

Thus an extra centre of ossification for the medial malleolus (and to a much lesser extent 
a corresponding centre for the lateral malleolus—in agreement with Caffey (1956)) occurs in 
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Fic. 6 
Right and left ankles of six-year-old girl showing extra centres of ossification for both 
medial malleoli. 


Fic. 7 Fic. 8 
Figure 7—Right ankle of seven-year-old girl showing extra centre of ossification for medial 
malleolus. The left ankle was also affected. Figure 8—Left ankle of eight-year-old girl showing 
extra centre of ossification for medial malleolus. (Bilateral affection.) 


Fic. 9 Fic. 10 

Figure 9—Left ankle of nine-year-old boy showing extra centre of ossification for medial 

malleolus. The right ankle was similarly affected. Figure 10—Right ankle of ten-year-old boy 
showing extra centre of ossification for medial malleolus. (Bilateral affection.) 
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Fic. 11 


Right and left ankles of eleven-year-old girl showing extra centres of ossification for the 
right lateral malleolus and for the left medial malleolus. 


Fic. 12 


Radiograph of right ankle of a man of twenty-one 
showing os subtibiale. 


a substantial proportion of normal children in the six to twelve age groups. But although 
these centres are often present, they rarely give rise to symptoms sufficient to warrant 
radiographic examination. 

Examination of the radiographs of both ankles of fifty adults with no known previous 
ankle injury or disease showed four with separate ossicles (Fig. 12), these being bilateral in 
one patient. This suggests that most of these extra centres fuse in the’ normal malleolus in 
adolescence, as is seen in the second case reported here and in those recorded by Mouchet 
(1923) and Fairbank (1959). Lapidus (1933) thought that these centres occasionally remained 
separate into adult life, although the evidence for distinguishing between a separate epiphysis 
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and an os subtibiale is unconvincing. Kéhler (1956) shows several examples of these extra 
centres in adults. 

A centre remaining uniueed in adult life could cause confusion if found in an ankle 
which had recently been injured, and might be regarded as evidence of a previous unrecognised 
injury at the same site. Watkins (1937) referred to the medico-legal implications of this 


possibility. 


SUMMARY AND CONCLUSIONS 
|. Two boys complaining of pain in the ankle were shown to have centres of separate 
-ossification for the medial malleoli. These were present bilaterally, but discomfort was 


unilateral. 

2. In one, followed for fifteen months, the extra centre became wholly incorporated into 
the normal lower tibial epiphysis. 

3. Ina series of 100 children between the ages of six and twelve, without any known disease 
or injury of the ankles, radiographs showed that 20 per cent had a separate medial malleolar 
>entre on one side. In 13 per cent this finding was present bilaterally. In one child a separate 
ateral malleolar centre was also found. 

4. The significance of this finding is discussed, and it is considered to be a normal variant. 
5. Occasionally one of these centres may remain unfused into adult life. Attention i is drawn 


to the possible implications of this persistence. 


_ | wish to thank Mr.D. D. Cranna for permission to report these patients who were under his care, Mr D. LI. 


Griffiths for his help in the preparation of this paper, and the Department of Medical Illustration of the 
Manchester Royal Infirmary for the photographs. 
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GIRAFFE-NECKED WOMEN 
A Myth Exploded 


ROBERT ROAF, Oswestry and LIVERPOOL, ENGLAND 
“** Which of you by taking thought can add one cubit unto his stature? ” (Matthew 7, v. 27). 


Every orthopaedic surgeon is concerned with the control of deformity in growing bones 
For the most part our methods consist of trying to stop excessive growth, but many orthopaedic 
surgeons have also sought for ways of stimulating bone growth (Marino-Zuco 1956). It is. 
however, commonly believed that the only consistently successful means of growth stimulation 
has been achieved by the Padaung tribe of East Burma who are able to produce considerable 
elongation of the necks of their women. The 
method of achieving this is to apply a long 
spiral of brass wire to a girl’s neck, usually 
starting between the ages of eight and ten years. 
On the first occasion it is customary to apply 
about ten coils. These will be increased by two 
to three coils each year until finally there are 
seventeen or eighteen coils around the neck. 
The wire is approximately ,% inch in diameter. 
For ease of application it is softened by rubbing 
with a leaf. The illustration (Fig. |) shows that 
there is considerable elongation of the neck 
but in the radiographs (Figs. 2 and 3) it can be 
seen that this is not a true lengthening of the 
cervical spine; the elongation is due to de- 
pression of the shoulder girdle and moulding 
of the upper ribs, as a result of which the 
superior portion of the thorax is compressed 
and elongated and is, so to speak, incorporated 
into the neck. In other words, the elongation 
of the neck is apparent only and the Padaung 
tribe are no more successful than modern 
orthopaedic surgeons in their efforts to pro- 
duce over-growth of bone. 
The woman of whom these radiographs 
Fic. | were taken is now thirty-six years of age. She 
Drawing of a giraffe-necked woman. had her first rings applied at the age of ten 
years and eventually had seventeen coils. Five 
years ago she had the coils removed. During the first year her head was very wobbly and even 
with support she had to stay in bed most of the time. Even now she still has to keep several 
layers of stiff cloth wrapped around her neck for support when she is up and about. She thinks 
her neck is getting shorter. Her height is 4 feet 10 inches and she weighs 80 pounds. The 
measurement of her neck from the mastoid process to the sternoclavicular joint is seven 
inches; the circumference of her neck is eleven inches. No neurological abnormalities were 
found; her blood pressure was 175/110 millimetres of mercury. 
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2 Radiographs of the cervical spine. 
M It is interesting that all the women who have had these coils applied develop a high blood 
k pressure and usually die at a comparatively young age from a cerebrovascular catastrophe. 
oi It is noticeable that they speak with a very thin squeaky voice. The poorer women of the tribe 
” who do not have the coils applied have a normal blood pressure and are not subject to strokes. 
ig 
| SUMMARY 
d Radiographic examination of a giraffe-necked woman shows that there is no true 
d clongation of the cervical spine. The apparent lengthening of the neck is due to incorporation | 
n of part of the thoracic spine and thorax in the neck. 
7 | am very grateful to Dr Margaret. Lao of Mingaladon Military Base Hospital, near Rangoon, Burma, who 
t obtained these radiographs for me. 
REFERENCE 
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EXPERIMENTAL PROGRESSIVE SCOLIOSIS IN THE RABBIT 


A. LANGENSKIOLD and J.-E. MICHELSSON, HELSINKI, FINLAND 
From the Orthopaedic Hospital of the Invalid Foundation, Helsinki 


“It is indeed unfortunate that our knowledge of the causes of scoliosis has not gone 
much beyond the observational stage: we know little more about it than what clinical and x-ray 
examination reveal.”” These words were written by Steindler in 1955. Although there has 
been considerable development of methods in the treatment of scoliosis, this condition can 
still be called the crux orthopaedica. | 

As studies of scoliosis in man have not given us any idea of its pathogenesis, many 
authors have tried to elucidate the problem by animal experiments. However, in all the series 
of experimentally provoked scoliosis described in the literature the deformities have beer 
slight. It appears that deformities corresponding in severity to the scoliosis which causes 
real disability in man have not been produced. So far, therefore, little light has been shed 
on the problems of scoliosis by such experiments. The experimental work done, however, has 
not been very systematic and there is still reason to agree with Arnd (1903): “In all other 
fields within the scope of surgery it is by experiment that a decision as to the correct form of 
therapy has been reached. It is to be hoped that the study of scoliosis may also reap some 
benefit from work of this kind.” 


Fic. 1 Fic, 2 Fic. 3 


Scoliosis in rabbit from which the posterior ends of the right sixth to eleventh ribs were 

excised at the age of eight. days. Figure 1—Age fourteen days. Scoliosis 75 degrees. 

Figure 2—Age thirty days. Scoliosis 110 degrees. Figure 3—Age fifty-two days. Scoliosis 
145 degrees. Progressed to 170 degrees. 


Slight scoliosis has been provoked in animals in several ways: 1) Excision or denervation 
of muscles (Lesser 1888, Arnd 1903, Schwartzmann and Miles 1945, Miles 1947). 2) Resection 
of ribs (Bisgard 1935). 3) Fixation of vertebrae or ribs to each other (Wullstein 1902, Miiller 
1928, Pitzen 1927). 4) Operations on growth zones of vertebrae (Haas 1939, Pacher 1939, 
Nachlas and Borden 1951, Moser 1956). 5) Radiation (Engel and Richer 1939, Arkin and 
Simon 1950). 
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Fic. 4 Fic. 5 Fic. 6 


Posterior ends of right sixth to eleventh ribs excised at the age of sixteen days. Figure 4—Age twenty-three days. 
_ Scoliosis 80 degrees. Figures 5 and 6—Animal — ‘ the age of 128 days. Scoliosis 120 degrees. Marked 
yphosis. 


Fic. 7 Fic. 8 Fic, 9 Fic. 10 


Gradual progression of scoliosis after excision of posterior ends of right sixth to eleventh ribs. 

Operation at the age of eight days. Figure 7—Scoliosis 35 degrees immediately after operation. 

Figure 8—Age twenty-two days. Scoliosis 35 degrees. Figure 9—Age thirty-five days. Scoliosis 
85 degrees. Figure 10—Age ninety-nine days. Scoliosis 130 degrees. 


The importance of the force of gravity and the erect posture of man in the pathogenesis 
f scoliosis has often been stressed. The force of gravity does not act on the spine in the 
‘ame way in animals as in man. This may have led some workers not to expect the production 
of severe scoliosis by animal experiment. It is known, however, that severe paralytic scoliosis 
nay develop even during a period of continuous recumbency. In view of this fact the authors 
n undertaking this experimental work were convinced that it would prove possible to provoke 
‘evere progressive scoliosis in animals as a result of systematic experimental research. 
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OPERATIVE PROCEDURES AND RESULTS 


The series of experiments planned included unilateral operations on all structures in th 
vicinity of the spine, but not on the vertebrae themselves. The operations were done on youn; 


rabbits. 


Fic. 12 


Fic. 11 Fic. 13 


Same animal as in Figures 7 to 10. Killed at the age of 105 days. Figure 11—Frontal view of 
specimen. Scoliosis 100 degrees. Figure 12—Side view of specimen. Figure 13—The vertebra 
forming the apex of the scoliosis and the corresponding ribs. Marked rotation of the vertebra. 


Procedures not provoking scoliosis—The following procedures did not provoke any degree o! 
scoliosis: section of the phrenic nerve; transposition of the rhomboid muscles to the ribs 0: 
the same side; transposition of the rhomboid muscles to the ribs of the contralateral side 
transposition of the trapezius and the rhomboid muscles to the ribs of the contralateral side 
electro-coagulation of the anterior growth zones of the sixth to eleventh ribs; excision of th 


sixth to eleventh costo-transverse muscles. 
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_ *rocedures sometimes provoking scoliosis—The following procedures provoked slight and 
ften transient scoliosis in some of the animals: 1) Excision of the erector spinae muscle 
rom the pelvis to the upper thoracic region. Of nineteen animals, marked scoliosis developed 
n three, the maximum being a lumbar scoliosis of 35 degrees. 2) Section of the sixth to 
‘leventh ribs'and the corresponding intercostal nerves and arteries. Of eleven animals, marked 
coliosis developed in three, the maximum being a thoracic scoliosis of 60 degrees. 3) Section 


Fic. 14 Fic. 17 

Spine and thoracic cage of rabbit from which about two millimetres of the right sixth to eleventh ribs were 
resected just lateral to the transverse processes. Operation at the age of eight days. Animal killed at the 
age of 199 days. Figure 14—Frontal view of specimen, Scoliosis 60 degrees. Figures 15 and 16—Vertebrae 


and ribs at two different levels above the apex of the scoliosis. Figure 17—Vertebrae and ribs at the apex. 
Marked rotation of vertebra. 


of the seventh to twelfth intercostal nerves. Of nine animals, marked scoliosis developed in 
two, the maximum being a transient scoliosis of 30 degrees. 4) Tying together of the transverse 
processes of the sixth to eleventh thoracic vertebrae with nylon thread. Of twenty-eight 
animals, marked scoliosis developed in fourteen, the maximum being a scoliosis of 90 degrees: 
Procedures regularly producing scoliosis—Two procedures provoked scoliosis in every animal 
which survived the operation: 1) Resection of about two millimetres of the sixth to eleventh 
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ribs lateral to the transverse processes. In twenty-five animals a maximum scoliosis of 125 
degrees, and an average scoliosis of 52 degrees was produced. 2) Resection of the posterior 
ends of the sixth to eleventh ribs including the costal parts of both costo-vertebral joints. In 
twenty-two animals aged from seven to sixteen days at the time of operation, a maximum scoliosis 
of 170 degrees, a minimum of 40 degrees and an average scoliosis of 90 degrees was produced. 

Thus, moderate or severe scoliosis regularly develops when the posterior ends of the 
sixth to eleventh ribs, including both costo-vertebral joints, are resected on one side in rabbits 
aged seven to sixteen days. In some animals in this series regeneration of bone in the operative 
field seems to have prevented the development of severe deformity. When a standard operation 
which provokes extreme scoliosis in every animal operated on can be developed it will ‘be 
possible to make reliable experiments on the problems of treatment. | 

Some examples of experimentally provoked scoliosis are seen in Figures | to 17. As in 
most severe scolioses in man rotation of the vertebrae plays an important part in the deformity 
(Figs. 11 to 17). 


SUMMARY AND CONCLUSIONS 


1. By unilateral resection of the posterior ends of the sixth to eleventh ribs including the 
costal parts of both costo-vertebral joints, progressive scoliosis can regularly be provoked in 
young rabbits. Rotation of the vertebrae is prominent in the experimental deformity. 

2. Although severe progressive scoliosis can be provoked by a surgical procedure we do not 
yet know the deforming forces which are released by the operation, but the way lies open 


- for accurate studies on these factors. 


3. It seems possible that studies on experimental progressive scoliosis may provide us with 
new methods to counteract or cure scoliosis in children. The goal is a means to reverse the 
deforming forces during growth so that the child’s spine is straight when growth ceases. 


We are indebted to the Sigrid Jusélius Foundation for grants which made this work possible. 
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The form of the long bones in the adult depends upon the interaction of genetic and 
environmental factors. Disturbances of genetic factors lead to the most bizarre deformities. 
Changes in the environment of the bone usually produce only minor changes in the skeleton. 
The importance of the genetic factor has been strikingly illustrated by Murray and Huxley 
1925). By grafting the posterior limb bud of a four-day chick embryo on to the chorion of an 
older embryo they showed that the femur, and even the patella, would develop independently 
of extrinsic factors. Similar grafting experiments by Willis (1936) confirmed the self- 
differentiation of bone. Even in isolated tissue culture the knee joint will develop (Fell and 
Canti 1934). In the child with a congenital spina bifida, even if the limb is anaesthetic and 
completely paralysed, the form of the bones is not greatly disturbed, although none of the 
normal mechanical stresses may have been experienced. 

The growth of the skeleton is profoundly influenced by changes in the circulating 
hormones, and by vitamin deficiencies. In contrast with these factors the defects produced 
by abnormalities of function and disturbances of innervation appear to be slight. With normal 
nutrition and endocrine environment, skeletal growth is largely independent of external 
factors. Certain physical changes in children and adults may produce modifications of shape. 
The early work of von Meyer (1867) and Wolff (1869) on the architecture of the upper end 
of the femur showed how its structure was closely related to mechanical stresses. Further 
mathematical analyses of the femur by Koch (1917) led to the generalisations which he termed 
the laws of bone architecture. At that time the changes in shape due to disease were only 
briefly considered. 

The disturbances of bone growth associated with abnormalities of limb innervation are 
probably the commonest cause of inequality of limb length. In spite of this, little is known 
about the manner in which the nervous system influences growth. This is a field which lends 
itself to experimental and clinical examination. Some nerve lesions which are associated with 
disturbances of bone growth in the child can be simulated in the experimental animal. Work 
in both these fields has indicated ways in which the nervous system may influence the structure 


and growth of bone. 


LESIONS OF NERVE AND MUSCLE IN THE EXPERIMENTAL ANIMAL 


The hind limb of the rabbit is a convenient site for the production of experimental nerve 
lesions. The common peroneal (sciatic) nerve can be explored easily in the thigh, and the 
peroneal nerves, which contain motor fibres for the muscles of the leg and foot, can be 
separated from the principal sensory nerve, the sural. Although regeneration may still occur, 
even if considerable lengths of nerve are resected, transmission of impulses does not return in 
a young animal before growth stops. The effects of muscle inactivity in the growing animal 
can also be assessed in the young rabbit by division of the tendons around the ankle. When 
a suitable length of tendon is resected functional reconstruction does not occur. 

The rabbit is unsuitable for the analysis of the effects of lesions of spinal nerve roots, 
because of the small size of the nerves involVed, and because of the unusual mode of distribution 
of the peripheral visceral nerve fibres in the animal. In the kitten, however, it is possible to 
produce nerve root lesions without affecting the autonomic outflow. However, as will be shown, 
bone maturation in this animal occurs early. 
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The distribution of the motor, sensory and autonomic nerve fibres to the hind limb of the 
dog is well known, and selective lesions of nerve roots, or of the sympathetic chain, can be 
produced easily in the puppy. Experiments in this animal have been used to confirm those 
upon the smaller species, and to determine more clearly the influence which different parts of 
the nervous system exert upon the growth of bone. 


? 


METHOD 

In each animal one side was subjected to operation and the growth of the tibia on this 
side was recorded, the other limb serving as a control. Since the tibia is a relatively straight 
bone, changes in growth rate are easily recorded. Measurements of tibial length at the start 
of the experiment were made from lateral radiographs at a distance of six feet. In the rabbit 
these measurements were confirmed to be accurate to 0-5 millimetre. In the puppy, because 
of the irregularity of the epiphysial line, the accuracy was less. The final lengths of the bones 
were recorded by measurements with calipers upon the dried specimens, which are more 


TABLE | 


EFFECTS OF EXPLORATION OF COMMON PERONEAL NERVE UPON LENGTH OF 
THE TIBIA IN THE RABBIT (SHAM OPERATION) 


Numi Duration Final length in millimetres Difference in millimetres 
(weeks) Experimental Control (Experimental — Control) 
728 2 44:5 44:5 nil 
732 2 34:0 34-0 nil 
733 2 38-0 37°5 0-5 
730 3 47-5 nil 
731 3 40-5 40-0 0-5 
782 4 69-0 69-0 nil 
783 4 71-0 71-0 nil 
723 5 61-0 , 61-0 nil 
724 5 67-5 67-0 0:5 
727 5 49-5 49-5 nil 
725 6 68-5 68-0 0-5 
726 6 63-5 63-0 0-5 
762 6 73-0 73-0 nil 
735 7 66°5 66°5 nil 
736 7 76°5 76°5 nil 
763 8 84-0 84-0 nil 
764 8 72°5 72-5 nil 
761 16 102-0 103-0 —10 
Totals 1,129-0 1,127-°5 1-5 


accurate than measurements from radiographs. From these two measurements the amount of 
growth occurring in each tibia was calculated. In the Tables the difference in the growth rate 
on the two sides is referred to as the gain in length of the affected limb, and is expressed as a 


positive or a negative quantity. 


It must be emphasised that all -measurements refer to the shafts of the dried bones, and — 
do not include the bony epiphysis. The experiments therefore relate only to diaphysial lengths, 
and do not necessarily reflect changes in total bone dimensions. Similarly the weights of the 
dried bones, which were recorded after removal of the fat, and drying at room temperature 
for several months, refer only to the diaphysis. 

Since many of the changes after experimental limb denervation may be related to inactivity 
the animals were permitted to run freely during the experiment. Young rabbits were kept in 
small groups in large cages; kittens and puppies were allowed the freedom of a large room. 
Difficulties from cross-infection were considerable; animals dying prematurely, and those 
with trophic ulceration, have been excluded from consideration. 
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TABLE Il 
EFFECT OF EXPLORATION OF COMMON PERONEAL NERVE UPON DRIED WEIGHT ; 
OF THE TIBIA IN THE RABBIT 


Duration Weight in grammes Difference in grammes 
( weeks) Experimental Control (Control — Experimental) 
728 2 0-43 0-43 nil 
732 2 0-24 0-25 0-01 
733 2 0-32 0-32 nil 
730 3 0-56 0-57 0-01 
731 3 0-31 0-32 0-01 
782 4 2-32 2-25 —0-07 | 
783 4 2-34 2-37 0-03 
723 5 1:19 1-22 0-03 | 
724 i§ 1-40 1-41 0-01 
727 5 0-85 0-86 0-01 
725 6 1-64 1-56 —0-08 
726 6 1-31 1:27 —0-04 
762 6 2:46 2-52 0-06 
735 7 1:75 1:75 nil 
736 7 1-58 1:57 —0-01 
763 & 3-45 3-48 0-03 
764 2:37 2-40 0-03 
761 16 5-35 5-16 —0-19 
Totals 29-87 29°71 —0°16 
~ TABLE Ill 
EFFECT OF SURAL NERVE DivisiON UPON GROWTH OF THE TIBIA IN THE RABBIT 
Initial length in millimetres Final length in millimetres Growth in millimetres Gain of 
Number a affected limb 
weeKS) Experimental Control Experimental Control Experimental Control in millimetres 
611 2 63-5 63-5 71°5 71°5 8-0 8-0 nil 
630 2 40-0 40-0 50-0 50-0 10-0 10-0 nil 
701 2 48-0 48-0 51°5 3-5 3-5 nil 
702 2 48-0 48-0 52°5 52°5 4:5 nil 
622 3 39-0 39-0 51-5 51-0 12-5 12-0 0-5 
698 3 55-5 59-5 59-5 4:5 nil 
517 3 41-0 41-0 64:5 64-0 23-5 23-0 0-5 
615 4 55-0 55-0 72-0 17-0 16°5 0-5 
628 4 48°5 48:5 63-0 63-0 14-5 14:5 nil 
695 4 55-0 55-0 65:0 65-0 10-0 10-0 nil 
695 4 56:0 56:0 63-0 63-0 70 7-0 nil 
699 4 49-0 49-0 55-0 55-0 6:0 6:0 nil 
709 4 65-0 65-0 76:0 76-0 11-0 11-0 nil 
710 4 65-0 65-0 760 76:0 11-0 11-0 nil 
711 4 66:0 66:0 76°5 76°5 10-5 10-5 nil 
612 5 60-5 60-5 80-0 80-0 19-5 19-5 nil 
616 5 63-0 63-0 84-5 84-0 21°5 21-0 0-5 | 
712 5 61-0 61-0 75-0 75-0 14-0 14:0 nil : 
623 6 37°5 37°5 64°5 64-0 27-0 26°5 0-5 
690 6 51-0 $10 73-5 72-5 22-5 21-5 10 
707 6 64-0 64-0 815 82-5 17-5 18-5 — 
| 708 6 68-0 68-0 84-5 85-0 16°5 17-0 os 
689 7 50-0 50-0 73-0 72°5 23-0 22:5 5 ; 
511 55-0 55-0 91-0 91-0 36:0 36-0 nil 
691 y 59-0 59-0 73-0 73-0 14-0 14-0 nil 
692 9 51-5 51-5 91-0 91-5 39-5 40-0 — 
617 16: 102°5 1020 42-0 41-5 0-5 
624 23 39-5 39-5 104-0 105-0 64:5 -1-0 
625 165 40-0 40-0 90-0 89-0 50-0 49-0 1-0 
/ 644 16 59-5 59-5 103-0 103- 43-5 43-5 nil 
646 16 59-0 59-0 108-0 108-0 490 ~~ 490 nil 


‘Using the differences in Table | as control, and comparing with them the gain of length in the paralysed limb, 
t=0-96 and P=0-4.) 
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oe NERVE LESIONS IN THE RABBIT 


Under anaesthesia the left common 
peroneal nerve of ninety rabbits aged six to 
eight weeks was exposed in the thigh and one 
of the following procedures was undertaken: 
1) The nerve was freed along two centimetres 
of its length, care being taken to avoid 
damage. The wound was then closed without 
‘nerve resection (sham operation); 2) the sural 
nerve was freed from the main trunk, and a 
length of one centimetre was resected (sensory 
denervation); 3) the peroneal nerves were 
separated from the sural and a length of one 
centimetre resected (motor denervation). 

The animals were killed at periods vary- 
ing from two to sixteen or more weeks after 
the operation. Confirmation of the effects of 
the nerve lesion was by clinical examination 
during the experimental period, and gross 
inspection of the affected nerves and muscles 

at necropsy. No histological ponent 
were made. 
Sham operation—There were eighteen animals 
in this group. No disturbance of function 
followed the operation, and there were no 
macroscopic changes in muscle or nerve at 
necropsy. The effects upon the growth of the 
tibia are recorded in Table I, and the 
dried weights of the bones in Table II. 
_ The changes in length and weight which 
= follow simple exposure and freeing of 
U the common peroneal nerve have been 
used as controls to assess the signifi- 
cance of the changes which follow the 


Fic, | 
The tibiae after motor denervation of the hind leg other procedures. 


the bone of the paralysed limb. 
ens animals in this group. There was no disturb- 


ance of function of the affected limb, and apart from an occasional animal with paw ulceration 
excluded from the series, there were no macroscopic changes at necropsy. The variations 
in length between the two tibiae are recorded in Table III. By comparison with the differences 
recorded in the control group (Table I) it can be shown that resection of the sural nerve 
produces no significant changes in length (t=0-96, P=0-4). The weights of the tibiae are 


recorded in Table IV. By comparison with the differences recorded in the control group 


(Table II) it can be shown that no significant change in weight has occurred (t=0-28, P=0-8). 
Motor denervation—There were forty-one animals in this group. In these animals all the 
muscles arising below the knee were paralysed, and active control of the foot was lost. Asa 
result the affected limb was dragged behind the body. At necropsy these muscles were found 
as thin fibro-fatty cords, often producing considerable deformity of the foot. 

The lengths of the tibiae are recorded in Table V. In thirty-three animals the tibia of 
the denervated limb was longer than its fellow, in two it was shorter, and in the other six 
the bones were equal in length. Although the differences appear to be small, they are 
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nmediately apparent when the dried bones are examined (Fig. |). When these differences 
re compared with those recorded in Table I, the gain in length of the paralysed limb can be 


-hown to be significant (t=4-68, P<0-01). 


The weights of the dried bones are indicated in Table VI. In thirty-nine of these animals 
1e bone of the denervated limb was less heavy than that of the control. This difference was 
onsiderable, in spite of the lengthening which occurred. By comparison with Table II, the 
ss Of weight of the bone of the denervated limb can be shown to be significant (t=6-3, 
<0-01). 


| TABLE IV 
EFFrect OF SURAL NeRVE DIVISION UPON WEIGHT OF Driep TIBIAE IN THE RABBIT 

Nessher Duration Weight in grammes Difference in grammes 
611 2 : 497 1-92 —0-05 
630 2 0-69 0-65 —0-04 
701 2 0-72 0-74 0-02 
702 2 0-67 0-69 0-02 
622 3 0-82 0-81 —0-01 
698 3 0-90 0-93 0-03 
517 3 1-70 1-72 0-02 
615 4 1-91 1-90 —0-01 
628 4 1-20 1-23 0-03 
695 4 1-20 1-15 —0-05 
696 4 1-08 1-07 —0-01 
699 4 0-77 0-78 0-01 
709 4 1-69 1-75 0-06 
710 4 1-75 1-73 —0-02 
711 4 1-75 1-78 0-03 
612 5 - 2-28 2-24 —0-04 
616 5 2-84 2-66 —0-18 
712 5 1-97 1-90 —0-07 
623 6 1-44 1-48 0-04 
690 6 1-35 1-35 nil 
707 6 2-56 2°47 0-09 
708 6 2°42 2-47 0-05 
689 7 1-43 1-42 —0-01 
Sil 2-64 3-20 0-56 
691 9 1-38 1-40 0-02 
692 3-21 3-23 0-02 
617 16. 4:22 4:10 —0-12 
624 23 4:66 4:36 —0-30 
625 16 2-52 2:77 0-25 
646 164 5-31 5-29 —0-02 

Totals . 59-05 59-19 0-14 


* Specimens not comparable. 


(Using Table II as control, and comparing the weight differences between these 
two groups of animals, t=0-28 and P=0°8.) 


TENDON LESIONS IN THE RABBIT 
Under anaesthesia the right ankle region of seventeen rabbits aged six to eight weeks 


vas explored. All the muscles and tendons acting upon the foot were divided and resected 
‘or a length of one centimetre to minimise reunion. The disturbance of function after this 
 peration was greater than that after motor nerve division. Animals were killed two to sixteen 


eeks after the operation. At necropsy reunion of the divided muscles and tendons was 


“arely seen, and gross deformities of the foot were common. 


The growth of the tibiae in these animals is recorded in Table VII. In fifteen animals 
1e tibia on the side of the operation was longer than its fellow. Comparison of the differences 
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TABLE V 
EFFECT OF DIVISION OF BOTH PERONEAL NERVES UPON GROWTH OF THE TIBIA IN THE RABBIT 
Initial length in millimetres Final length in millimetres Growth in millimetres Gain of 
Number affected limb 
weeXS) Experimental Control Experimental Control Experimental Control in millimetres 
505 2 59-5 59-5 69-0 68-0 9-5 8-5 1-0 
507 2 59-5 59-5 72:5 71-5 13-0 12-0 1-0 
41-0 41-0 53-0 12-5 12-0 0-5 
663 2 31-5 31-5 46:0 45-5 14-5 14-0 0-5 
704 2 48-5 48:5 54-0 53-5 5°5 5-0 0-5 
513 3 43-0 43-0 65:5 64°5 22°5 21-5 1-0 
514 3 39-0 39-0 62:0 61-5 23-0 22:5 0-5 
510 4 57-0 57-0 74:0 73-0 17-0 16-0 1-0 
515 4 42:5 56°5 55°5 14-0 13-0 1-0 
609 4 54-0 54-0 69:5 68-5 15-5 14-5 1-0 
643 4 59-5 59-5 79-0 78-0 19-5 18-5 1-0 
659 4 66-0 66:0 —_ 81-0 15-5 15-0 0-5 
664 4 30-5 30-5 54-0 52°5 23-5 22-0 1-5 
683 4 56°0 56°0 63°5 61-5 7:5 5:5 2-0 
684 4 56-0 560 68-5 67°4 12-5 11-5 1-0 
685 4 57-0 57-0 73-0 17-5 16-0 1-5 
688 4 54:5 54:5 66°5 65:5 12-0 11-0 1-0 
703 4 47-0 47-0 57-0 58-0 10-0 11-0 —10 
509 5 60-0 60-0 83-5 82:5 23-5 22°5 1-0 
512 5 57-0 57-0 80-5 78-0 23-5 21-0 2-5 
645 5 62:0 62-0 81-5 80-0 19-5 18-0 1-5 
670 6 56°5 56°5 79-0 78-5 22:5 22-0 0-5 
503 6 * * 86:5 * * 9-0 
605 6 60-0 60-0 77°5 17-5 17-5 nil 
642 6 58-0 58-0 73-5 72-0 15-5 15-0 0-5 
667 6 32:5 32-5 80-5 79-5 48-0 47-0 1-0 
668 7 32-0 32-0 65:5 65-0 33°5 33-0 0-5 
7 32-0 32-0 66°5 63-5 34-5 31-5 3-0 
682 7 69-0 69-0 89-5 89-0 20-5 20-0 0-5 
506 8 56:0 56-0 72:5 72:5 16°5 16°5 nil 
627 8 50-5 50-5 74-0 72:5 23-5 22-0 1-5 
+ ee 8 57-0 57-0 84-0 83-0 27-0 26°0 1-0 
602 68-5 68-5 92-0 92-0 23-5 23-5 nil 
757 -60-5 60:5 81-5 80-0 21-0 19-5 1-5 
666 11 30-0 30-0 75-0 73-0 45-0 43-0 2-0 
665 12 34-0 34-0 82-0 79-5 48-0 45-5 25 
758 16 65-0 65-0 95-0 95-0 30-0 30-0 nil 
759 16 63-5 90-5 89-5 27-0 26:0 1-0 
760 16 60-0 60-0 92:5 92:5 32-5 32-5 nil 
629 16+ 39-0 39-0 97°5 98-5 59-5 —1-0 
603 52 74-0 74-0 114-0 114-0 40-0 40-0 nil 
Totals (excluding 503) 916-0 881-0 35-0 | 
* Indicates no measurement available. Overgrowth =4 per cent. 


(Using the differences in Table I as control, and comparing with them the gain in length of the paralysed limb, 
t=468 and P= <0-01.) 


recorded with those in Table I shows that the gain in length of the affected bone is significant 
(t—2-8, P<0-01). The weights of the dried bones are recorded in Table VIII, and it can be 
seen that in fourteen animals the tibia on the side of operation was lighter than its control. 
By comparison of these differences with those recorded in Table Il, t=2-25, P<0-02. 


ANTERIOR ROOT LESIONS IN THE KITTEN 

Animals weighing | to 1-5 kilograms were anaesthetised. After laminectomy of the 

lumbar spine the anterior roots from the fifth lumbar to the first sacral level were divided on 
the left. The kittens were killed three to six weeks later. 

Of the sixteen animals in this group, seven showed lengthening of the paralysed leg 

(Table IX). The total growth of the limb in these animals was very slight, and it is clear that 

as far as skeletal growth is concerned, animals of this weight are approaching maturity. 
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For this series of animals no direct controls are available, and to consider the validity of the 

observations, measurements from the control group of rabbits have been used. With this 

method, the gain in length of the paratysed limb has no statistical significance (t= 1-21, P=0-2). 

The weights of the bones in these animals are recorded in Table X. The bone of the 

paralysed limb was lighter than its fellow in thirteen. Using the measurements of bone weight 


TABLE VI 


EFFect OF DIVISION OF BOTH PERONEAL NERVES UPON WEIGHT OF THE DRIED 
TIBIAE IN THE RABBIT 


— Duration Weight in grammes Difference in 
505 2 1-48 1-63 0-15 
507 2 1-74 1-86 0-12 
516 2 0-86 1-13 0-27 
663 2 0-65 0-68 0-03 
704 2 0-65 0-68 0-03 
513 3 1-45 1-67 0-22 
514 3 1:27 1-50 0-23 
510 4 1-82 2-30 0-48 
515 4 1-03 1-19 0-16 
609 4 1-63 1-67 0-04 
643 4- 2:44 2-94 0-50 
659 4 Soe 2-41 6-17 
664 4 0-80 0-85 0-05 
683 4 0-86 0-88 0-02 
684 4 1-55 1-58 0-03 
685 4 1-71 2-06 0-35 
688 4 1-56 1:73 0-17 
703 4 0-79 0-84 0-05 
509 5 2-47 2-94 0-47 
512 2-64 2-87 0-23 
645 5 2-79 3-05 0-26 
670 6 2-15 2-32 0-17 
503 6 2:25 2-55 0-30 
605 6 2-50 2:37 —0-13 
642 6 1-80 2-00 0-20 
667 6 1-15 1-25 0-10 
668 7 0-90 1-12 0-22 
669 7 1-00 1-06 0-06 
682 7 2-25 2-53 0-28 7 
506 8 1-60 1-57 —0-03 7 
627 8 1-61 1-69 0-08 . 
756 8 2-12 2-43 0-31 
602 9 3-31 3-50 0-19 | 
757 9 1-81 2-34 0-53 
666 1-95 2-16 0-21 
665 12 1-57 1-65 0-08 
758 16 3-33 3-95 0-62 
759 16 2-55 2-90 0-35 
760 16 2-38 3-07 0-69 
629 16+ 3-22 3-97 0-75 
603 §2 5-63 6-32 0-69 
Totals . 77-51 87-21 9-70 


(Using the differences recorded in Table II as a control, t=6:3 and P= <0-01.) 


for the control group of rabbits as a standard, these differences are statistically significant 
(t=—2-93, P<0-01). 
ANTERIOR ROOT LESIONS IN THE PUPPY 
Animals aged three to four months were anaesthetised, and the spinal canal was opened 
by removing the laminae of the fourth to seventh lumbar vertebrae. The anterior roots of 
the lower lumbar and uppef sacral nerves were identified, separated from the dorsal roots 
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TABLE VII 
EFFECT OF TENDON DIVISION UPON GROWTH OF THE TIBIA IN THE RABBIT 
| 
' Initial length in millimetres Final length in millimetres Growth in millimetres | Gain of 
| Experimental Control Experimental Control Experimental Control in millimetres 

647 2 50-5 50-5 58-5 | oe 8-0 6°5 1-5 
650 2 51-5 51-5 60-0 59-5 8-5 8-0 0-5 
754 2 57:5 31-0 61-0 3-5 3-5 nil 

755 2 55:5 55:5 2-0 2-0 nil 

781 3 57-0 57-0 69-5 69-0 12-5 12-0 0-5 
662 4 53-5 53-5 76:5 74:5 23-0 21-0 2-0 
751 4 49-0 49-0 61-5 59-5 12-5 10-5 2-0 
753 6 52-0 52-0 75:5 74-5 23-5 22:5 1-0 
778 6 79-5 78-5 ° 1-0 
779 8 48-0 48-0 83-0 82-0 35-0 34-0 1-0 
780 8 82-0 79-0 ° 30 
651 ° 87:5 85-5 ° 2-0 
672 12 57-0 55:5 92-0 88-0 35-0 32:5 2:5 
677 12 55-0 55-0 91-0 89-5 36-0 34-5 1-5 
678 12 53-5 53-5 79:5 76°5 23-0 3-0 
675 16 65-0 65-0 91-5 91-0 26:5 26:0 0-5 
676 16 56-0 56-0 98-5 97-5 42-5 41-5 1-0 
294-5 277-5 17-0 


* Indicates no measurement available. 


(Using the differences in Table I as a control, and comparing with them the gain in length of the paralysed 
limb, t=2-8, P=<0-01.) 


TABLE VIII 
EFFECT OF TENDON DIVISION UPON WEIGHT OF DRIED TIBIAE IN THE RABBIT 
Number Duration Weight in grammes Difference in grammes 
647 2 1-18 1-32 0-14 
650 2 1-15 1-33 0-18 
754 2 0-83 0-84 0-01 
755 2 0-69 0-72 0-03 
781 3 1-88 2:12 0-24 
662 4 2:18 2°53 0-35 
751 4 0-98 0-95 —0-03 
753 6 2:17 2:23 0-06 
778 6 1-66 2°14 0-48 
779 8 2:32 3-02 0-70 
780 8 2-05 2°55 0-50 
651 9 2-89 3°59 0-70 
672 12 2°65 2-75 0-10 
677 12 2°58 2-95 0-37 
678 12 1-63 1-82 0-19 
675 16 3-32 2-63 —0-69 
676 16 3-40 3-37 —0-03 
Totals . 33-56 36°86 3-30 


( Using the differences recorded in Table II as control, t=2-25, P=-0-02.) 


and divided extradurally. The number of roots sectioned was inconstant; initially only the 
sixth and seventh lumbar roots were divided, and the limb paralysis was slight. The later 
animals were subjected to a denervation which at most extended from the fourth lumbar to 


the second sacral roots. 
Confirmation of the extent of the paralysis was by simple clinical examination, and 


macroscopic examination of the limbs at necropsy. No histological preparations were made. 


Using these simple criteria, there was a wide variation in the extent of the functional 
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Fic. 2 Fic. 3 
The tibiae after anterior root lesion in the The tibiae after anterior nerve root lesion in 
puppy showing diminution in shaft diameter. the puppy. There is overall lengthening of 
and diminution in total length but an increase the bone on the paralysed side and a marked 
in diaphysial length on the side of the lesion. difference between the sizes of the bony 
epiphyses. 


disturbance, and in the amount of muscle wasting. In two animals paralysis appeared to be 
-confined to the toes, whereas at the other extreme three animals exhibited a flaccid paralysis 
of all the hind limb muscles. 

There were twenty-one animals in this series, and each was killed three months after 
the operation. The dried bones showed wasting which was in general proportional to the 
extent of the muscle paralysis. Measurements of bone weight were not made, since in many 
specimens the epiphysis remained attached to the shaft of the bone. Measurements of diaphysial 
length are presented in Table XI. Fifteen animals showed paralytic bone lengthening, and in 
three others the bones were equal in length. There being no more suitable control available 
the significance of these observations has been tested against the changes in length which 
follow sympathectomy in the puppy (see Table XII). Using this method t=2-4, P<0-01. 

Although the diaphysis of the tibia of the paralysed limb is usually longer than its fellow, 
the bone as a whole may still be shorter (Fig. 2). The difference arises because the bony 
epiphyses of the tibia of the paralysed limb are commonly smaller than those of the control 


(Fig. 3). 
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TABLE IX 
GROWTH OF TIBIA AFTER ANTERIOR LUMBAR ROOT DIVISION IN KITTENS WEIGHING I—1-5 KILOGRAMS AT OPERATION 


ial Initial length in millimetres Final length in millimetres Growth in millimetres a 

| (weeks) affected limb 

Experimental Control Experimental Control Experimental Control in millimetres 

837 3 64-0 64-0 65-5 65-5 1-5 1-5 nil 
789 4 42:5 42:5 nil 
830 4 60:5 60:5 61-5 61-5 1-0 1-0 nil 
832 4 63-0 63-0 64:5 64-5 1-5 1-5 nil 
| 805 5 61-0 61-0 65-5 65-5 4-0 4-0 nil 
810 5 . 58-0 58-0 nil 
| «6 70-0 700 73-5 73-5 3-5 3-5 nil 
803 6 62-0 62-0 68-0 65 6-0 0-5 
804 6 67-5 67-5 71-5 70-5 4-0 3-0 1-0 
806 6 750 75-0 81-0 81-0 6-0 6-0 nil 
808 6 57-0 57-0 64:5 63-5 7-5 6-5 1-0 
. 809 6 55-0 55-0 63-0 62:5 8-0 7-5 0-5 
811 6 62-0 62-0 nil 
812 6 68-0 67-0 1-0 
813 6 73-0 73-0 75-5 75-0 2-5 2-0 0-5 
: 814 6 66-0 66-0 71-0 70-5 5-0 4-5 0-5 
Totals (excluding 789, 810, 811, 812). 51-0 47-0 4-0 


* Indicates no measurement available. 


: (Using the differences in Table I as control, and pry _ them the lengthening of the paralysed leg, 
t=1-21 and P=0-2.) 


TABLE X 


WEIGHT OF Driep TIBIAE AFTER ANTERIOR LUMBAR ROOT DIVISION IN KITTENS 
WEIGHING KILOGRAMS 


Nester Duration Weight in — Difference in grammes 
; (weeks) Experimental Control (Control — Experimental) 
837 3 1-34 1-45 0-11 
: 789 4 0-36 0-40 0-04 
830 4 1-57 1-45 —0-12 
832 4 1-55 1:58 0-03 
805 5 1-67 1-76 0-09 
: 810 5 0-96 0-95 —0-01 
802 6 2-15 2-45 0-30 
803 6 1-45 1-60 0-15 
804 6 1-77 2-06 0-29 
806 6 2:21 2°55 0-34 
808 6 1-16 1-35 0-19 
; 809 6 0-81 1-24 0-43 
811 6 1-42 1-32 —0-10 
812 6 1-57 1-95 0-38 | 
813 6 2-28 2:34 0-06 | 
814 6 1-74 1:86 0-12 
Totals 24-01 26°31 2:30 


(Using the differences recorded in Table II as control, t=2-93, P=<0-01.) | 


LUMBAR SYMPATHECTOMY IN THE PUPPY \ 

Animals aged three to four months were anaesthetised and the lumbar sympathetic chain 

was exposed on the left side behind the peritoneum. The entire length of the chain was resected 

unilaterally. No tests of sympathetic function were performed after operation. Every animal 
survived for three months. No attempt was made at necropsy to determine the extent of ( 
sympathetic denervation or regeneration. 
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TABLE XI 
EFFect OF ANTERIOR Root DivisiON UPON GROWTH OF THE TIBIA IN THE PuPPY 


Initial length in millimetres Final length in millimetres Growth in millimetres Gain of |. 
Number affected limb 
Experimental Control Experimental Control Experimental Control in millimetres 
23 82 82 142 143 60 61 1 
24 68 68 100 98 32 30 2 
25 70 70 120 118 50 48 2 
27 70 70 104 102 34 32 2 
28 72 72 105 105 33 33 nil 
31 61 61 99 95 38 34 4 
32 83 83 100 97 17 14 3 
33 75 75 102 103 27 28 —!1 
34 65 65 109 105 44 40 4 
35 75 75 114 111 39 36 3 
36 64 64 97 93 33 29 4 
65 62 62 121 121 59 59 nil 
66 64 64 114 110 50 46 .. 4 
67 72 72 125 124 53 52 l 
68 81 Rl 132 131 51 50 1 
80 80 106 105 26 25 
72 71 71 82 82 . 11 11 nil 
73 75 75 113 111 38 36 2 
74 58 58 94 91 36 33 3 
75 60 60 90 92 30 32 —2 
76 70 70 105 103 35 33 2 


(By comparison with Table XII, t=2-4 and P=<0-01.) 


TABLE XIll 
Errect OF LUMBAR SYMPATHECTOMY UPON GROWTH OF THE TIBIA IN THE PUPPY 


| Initial length in millimetres Final length in millimetres Growth in millimetres Gain of 


Number affected limb 
Experimental Control Experimental Control Experimental Control in millimetres 
42 81 81 123 123 42 42 nil 
45 116 116 138 138 22 22 nil 
46 134 134. 188 188 54 54 nil 
54 74 74 144 143 70 69 l 
55 68 68 118 117 50 49 I 
57 84 84 127 126 43 42 l 
58 84 84 130 129 46 46 nid 
59 72 72 121 121 49 49 nil 
632 63 63 126 126 63 63 nil 
633 57 57° 84 84 27 27 nil 
634 56 56 96 96 40 40 nil 
Totals 506 $03 3 


There were eleven animals in this group and the growth of the limbs is recorded in 
Table XII. In three animals the tibia of the sympathectomised limb was longer than its fellow, 
in the other eight the bones were of equal length. No satisfactory control is available for this 
group, but simple inspection of the figures shows that sympathectomy is without significant 
effect upon the growth of the tibia in the puppy. 


LOWER MOTOR NEURONE LESIONS IN CHILDREN 


Disturbances of limb growth in childhood are commonly associated with abnormalities 
of the nervous system. The defect may lie in the brain, producing upper motor neurone defects, 
or in the spinal cord, or peripheral nerves, giving rise mainly to lower motor neurone disorders. 
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Although the type of nerve lesion may vary considerably, the final effects upon the skeleton 
remain the same—namely, atrophy of cortical bone, retardation of growth in length, and a 
change in overall proportions and form. The similarity of these changes in widely differing 
diseases suggests that there is some common factor which influences the shape and structure 
of young bone. In orthopaedic practice abnormalities of growth in length become of importance 
only when they are unilateral, and abnormalities of form are of significance only when they 
produce deformity. Many of the effects of nerve lesions are masked by the bilateral symmetry 
of the disturbance. | | 

The changes in the growth of bone which accompany paralytic poliomyelitis afford 
valuable evidence of the way in which the nervous system influences the skeleton. The 
introduction of the scanograph has permitted accurate radiographical measurements of limb 
growth to be made, and there is now substantial agreement upon the late effects of muscle 
paralysis. Detailed studies have been recorded elsewhere (Ring 1957, 1958; Ring and Ward 
1958; Ratliff 1959) and only the main features of these studies will be recalled. 

The immediate effect of the neuronal lesion in poliomyelitis is to produce lengthening of 
the bones of the affected limb. This increase is' apparent during the first year after the onset 
of the disease, and may persist during the second year, but thereafter the growth of the 
paralysed limb fs reduced. The disturbance of growth persists throughout childhood, and 
the discrepancy in limb length increases steadily. If the paralysis is mainly unilateral, the 
difference in length between the legs is, in general, related to the relative loss of muscle bulk. 
To this rule there are occasional exceptions, and the extent of the muscle loss cannot be used 
to predict the degree of shortening with any certainty. In paralytic poliomyelitis the occasional 
patient with severe unilateral paralysis without shortening, or slight paresis with severe 
shortening, is often cited as evidence against the causal association of paresis and retardation 
of limb growth. This association has withstood statistical analysis on several occasions 
(Stinchfield, Reidy and Barr 1949; Gullickson, Olson and Kottke 1950), but probably the 
muscle loss is not the only factor which determines limb shortening. 

In poliomyelitis the growth of the tibia is usually affected more than the growth of the 
femur, regardless of the distribution of the lesion. Indeed there is no evidence that the latter 
is of great importance. It is the extent of the muscle loss, rather than its exact distribution, 
which determines the fate of the limb. The same is undoubtedly true in myelo-dysplasia. 
Although the disturbance in these children is a congenital one, and the phase of paralytic 
bone lengthening is therefore not seen, the growth changes in the limb follow closely those in 
poliomyelitis. Similar changes occur in the child with a peripheral nerve lesion. Perhaps the 
commonest of these in orthopaedic practice is the birth injury of the brachial plexus. When 
recovery is rapid and complete there is little or no shortening. Persistent muscle weakness 
leads to shortening of the arm and retardation of the growth of the hand; the inequality is 
usually of little clinical significance. 

In any study of the effects of poliomyelitis upon the growth of the limb attention must 
be paid to the circulatory changes which occur. Gask and Ross (1934) ascribed these to the 
lack of stimuli associated with normal activity. Consequently the lumen of the main vessels 
of the limb may become diminished (Telford and Stopford 1933). There can be little doubt 
that the vascular requirements of the paralysed limb are diminished, but direct evidence is 
lacking: most of the investigations of limb blood flow have been concerned with the possibility 
of a disturbance of the autonomic nervous system in the later stages of poliomyelitis, and deal 
in general with skin blood flow. McPherson and Kessel (1955) investigated the resting blood 
flow in the feet of patients with residual paralysis. They found a significant difference between the 
flow in the two feet which they ascribed to a hypothetical visceral nervous lesion situated in the 
hypothalmus. If such a lesion does in fact occur, it can hardly be responsible for limb shortening. 

Goetz, du Toit and Swart (1955) investigated the circulatory changes after poliomyelitis 
by the optical digital plesthysmograph, a method which records blood flow in the skin rather 
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than in muscle. They suggested that three factors were associated with the vascular disturbances: 
1) The lack of stimuli promoting an efficient circulation, and diminished by virtue of the 


paralysis; 2) interference with sympathetic innervation, probably caused by damage to | 


preganglionic cells in the lateral horn; and 3) arterial narrowing. The first and third of these 
factors are acceptable, although it is likely that changes in the vessels are only secondary to 
the lack of normal stimuli rather than to a primary disturbance. There is little evidence 
from pathological studies that permanent damage to the sympathetic occurs in poliomyelitis, 
although there is some clinical evidence that sympathetic disturbances may occur in the early 
stages of the disease (Lundbaek 1943; Smith, Rosenblatt and Limauro 1949). The abnormal 
vascular responses of the later stages cannot be explained by simple destruction of sympathetic 
vasoconstrictors. Indeed, the preganglionic cells in the lateral horn of the spinal cord are 
distinctly resistant to attack by poliomyelitis, and only when destruction has been extremely 
severe—for example, when there has been complete paralysis of all abdominal and intercostal 
muscles—are these cells affected (Sharrard 1959). The influence of the sympathetic system 
upon the growth of bone will be discussed later, but it is clear that its influence is slight, and 
insufficient to account for the disturbance of bone growth. 

The circulatory changes in poliomyelitis have also been investigated by recording changes 
in skin and muscle temperature (Trott, Nesline and Green 1958). In patients with unilateral 
limb involvement, a significant depression of skin and muscle temperatures did not appear 
until six months after the onset of the disease. There was a direct association between the 
diminution in skin and muscle temperature and the extent of the paralysis. If we assume that 
muscle metabolism does not contribute significantly to the warmth of the limb, these changes 
probably indicate a true diminution of blood flow. Since it has already been shown that 
shortening and paralysis are related, it might be argued that the diminution of blood flow is 
itself responsible for the disturbance of bone growth. This extension of the argument implies 
that ultimately the blood supply of the skeleton is affected, and for this there is at the moment 


no direct proof. 


THE RELATIONSHIP BETWEEN THE NERVOUS SYSTEM AND THE SKELETON 


THE INNERVATION OF BONE 

Nerve fibres can be demonstrated in the periosteum, in the bone marrow and in the bone 
itself. The periosteum is freely supplied with sensory nerve fibres, terminating as unmyelinated 
nerve networks (Fiendel, Weddell and Sinclair 1948). Myelinated and unmyelinated fibres 
have been noted in the bone marrow of young animals by Rossi (1932). Fibres have also been 
described entering bone along the vascular channels (St6éhr 1928), partly vasomotor, and partly 
sensory fibres for pain. In growing bone De Castro (1929) reported nerve fibres ending in 
close relationship to the osteoblast, but these fibres were not found in mature bone. Although 
Hurrell (1937) reported the presence of nerve fibres in adult bone, ending either blindly or in 
relation to the osteocyte, his observations were based upon a single specimen, and have not 
been confirmed. 

It is generally agreed that no fibres arising in the motor cells of the spinal cord terminate 
in bone, and the fibres which have been described are derived from the sensory and the 
sympathetic nervous systems. In the experimental animal the influence of the motor, the 
sensory and the autonomic parts of the nervous system can be examined by selective nerve 
division. In man, certain selective neurological lesions are also available for consideration. 


THE INFLUENCE OF THE SENSORY NERVES 

Corbin and Hinsey (1939) showed that division of the posterior nerve roots in the mature 

cat produces no changes in the form and physical properties of bone. To this they make one 
exception: in the hip, changes may occur in association with a neuropathic arthropathy. 
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Sensory nerve division in the young kitten, although often producing considerable disability 
and disuse, does not influence the growth in length or breadth of bones (Gillespie 1954). 
Sensory disturbances of the limbs in childhood are rare, except in association with a 
motor deficit. In adults pure sensory disturbances are more common. Changes in the structure 
of the shafts of the long bones do not occur. Changes at the ends of the bone may be seen in 
association with the neuropathic joint. These changes are probably secondary to the trauma | 
associated with an insensitive joint, and the changes in bone stresses which ensue. The 
disorganisation of muscle tone and action due to proprioceptive abnormalities must also play — 


a part. 


THE VISCERAL NERVOUS SYSTEM 


There is little experimental evidence to suggest that sympathectomy influences the rate 
of growth of normal bones. Cannon, Newton, Bright, Menkin and Moore (1929) in the 
kitten, and Bacq (1930) in the young rat, found no changes after unilateral sympathectomy in 
the final length of the limbs. Bisgard (1933) noted no changes in the growth rate of the tibia 
of the young goat after unilateral sympathectomy, although the surface temperature of the 
limb was increased. Harris and McDonald (1936) were unable to detect hyperaemia of the 
limb after sympathectomy in the kitten, puppy or lamb,-and no change in the rate of bone 
growth was detected. However, Gullickson, Kubicek and Kottke (1951) reported limb 
shortening, mainly in the metatarsal region, after prolonged stimulation of the lumbar 
sympathetic chain in the puppy, and limb lengthening (the distribution of which was not 
described) after its excision. Goetz, du Toit and Swart (1955) carried out a lumbar 
sympathectomy in the young rabbit which produced an elevation of skin temperature, and . 
an increase of about 4 per cent in the length of the paw, the rest of the limb remaining 
unaffected. 

Although sympathectomy has commonly been performed for the circulatory disturbances 
which follow poliomyelitis, few accounts have been published of the effects of this procedure 
upon the growth of the paralysed limb. Harris (1930) and Ogilvie (1932) each reported a 
patient with reduced shortening after lumbar ganglionectomy. In 1936 Harris and McDonald 
collected for review forty-six of the seventy children they had subjected to sympathectomy. 
Of these children 46 per cent showed reduced shortening ranging from one-eighth of an inch 
to one inch, and in 17 per cent shortening failed to increase. In the remaining 37 per cent the 
discrepancy in length progressed but two-thirds of these were found not to have a permanent 
sympathectomy. Since the shortening in poliomyelitis is on the whole progressive, 63 per cent 
of these patients may be said to have derived some benefit from the operation. In 1950 Barr, 
Stinchfield and Reidy published a comparison between the progress of limb shortening after 
poliomyelitis in a control group of patients, and in a similar group who had been submitted 
to unilateral lumbar sympathectomy. They found that whereas the inequality of limb length 
became more marked in 91 per cent of the controls, only 57 per cent of the children subjected 
to sympathectomy showed progression. In the control group the average increase in the 
discrepancy was 1-8 centimetres, in the treated group 0-3 centimetre. Thus the sympathectomy 
had increased the growth of the paralysed-limb by 1-5 centimetres. Since the average age of 
their patients was 8-3 years, many of the children must have been approaching the end of the 
growing period and it is possible that earlier operation would have increased the correction 
obtained. It must beremembered that these papers are based entirely upon clinical measurements 
and include no statistical analysis, and that the data presented are not suitable for independent 
Statistical analysis. Most investigators would agree that established limb inequality after 
poliomyelitis never tends to improve, and any method of treatment which diminishes the limb 
inequality revealed by the scanograph might be regarded as significant. There is, however, 
one important gap in our knowledge of the fate of the short limb at puberty. If the epiphyses 
on the affected side fuse later than normally, the shortening would tend to regress at this time. 
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.Further observations on the natural history.of the growth of the paralysed limb are necessary 
before one can be certain of the significance’ of the changes recorded after sympathectomy. 

In relating the results of experiments in animals to the effects of sympathectomy in children 
with muscle paralysis the following questions must be considered: 1) Is it possible to stimulate 
the rate of growth of a normal bone, or only one which is abnormally short? 2) What is the 
normal sympathetic innervation of the extremities in children and experimental animals? How 
extensive must the sympathectomy be? 3) To what extent is the function of the autonomic 
innervation of the limbs comparable in young animals and children? 

Stimulation of normal growth—Although it is possible that the effects of sympathectomy are 
greater when the growth of a limb is already disturbed, the observations of Harris and 
McDonald (1936) suggest that overgrowth of a normal limb may occur after unilateral lumbar 
sympathectomy for Hirchsprung’s disease. In each of the four patients examined they found 
that the limb on the side of the sympathectomy was longer than its fellow. Although the 
differences in three of the patients were considerable (half an inch or more) they were based 
upon clinical measurements alone. Fahey (1936) examined two similar patients by tele- 
radiographs and was unable to detect any difference in the lengths of the legs. 

The comparative innervation— The preganglionic sympathetic fibres innervating the lower limb 
in the child arise from the lower thoracic and the upper two lumbar segments of the spinal 
cord. Although most of them descend in the sympathetic trunk before relaying in the lumbar 
and sacral sympathetic ganglia, some post-ganglionic fibres arise as high as the ninth thoracic 
ganglion. Removal of only the second, third and fourth lumbar ganglia is probably an 
adequate method of producing complete preganglionic denervation of the foot (Ross 1946). 
A more satisfactory denervation is achieved by extending the operation to the removal of the 
first lumbar ganglion (McPherson and Kessel 1956). 

* For most experimental animals details of the central origin of the sympathetic fibres are 

not available. In the dog the preganglionic sympathetic outflow may continue down as far 
as the sixth lumbar segment of the spinal cord (Mehler, Fischer and Alexander 1952). For 
denervation of the hind limb of this animal removal of the last lumbar and the first sacral 
ganglia is important (Perpina 1955). 
The comparative physiology—An effective lumbar sympathectomy in a child should produce 
permanent increase in the blood flow in skin and muscles, an increase in skin temperature, 
and absence of sweat secretion in the affected limb. In the furred animal the sympathetic 
system plays no part in the regulation of body temperature, and there is no simple method 
of determining whether an adequate sympathectomy has been performed. Thus, the 
interpretation of animal experiments requires considerable caution. The work of Fell (1949) 
upon the kitten suggests that one of the effects of sympathectomy is to produce enlargement 
of the Haversian canals in bone. This cannot be taken as proof of an increase in bone blood 
flow. Zinn and Griffith (1941) have shown that the rate of uptake of carbon particles in the 
bone of the rat is diminished after sympathectomy. 

From the evidence presented it is clear that sympathectomy in the dog has no significant 
effect upon bone growth. One cannot deduce that the same is true in the child. Although 
the evidence is slender, and lacks radiographic confirmation, it is possible that an adequate 
unilateral lumbar sympathectomy produces a slight increase in the rate of bone growth. 


THE MOTOR NERVES 

Although the efferent fibres of the spinal cord do not directly innervate the skeleton they 

are the only fibres which exert any appreciable influence upon the structure and composition 
of the bone. Experimental work upon the influence of motor nerve division has been directed 
mainly towards the changes in. diameter which follow nerve section rather-than the changes 
in length. Pottorf (1916) and Howell (1917) in single experiments upon the leg of the puppy 
found marked atrophy and slight shortening of limb bones after peripheral nerve section. 
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Howell concluded that the growth of bone in length was largely independent of external 
factors, but its growth in breadth was closely related to changes in stress and strain. 

In adult dogs the effects of disuse, following nerve section or immobilisation, were studied 
by Allison and Brooks (1921). They concluded that changes in the bone were proportional 
to the extent of the interference with normal function, regardless of how the disturbance was 
produced. Further experiments to examine the “trophic” effects of nerve lesions were 
performed by Tower (1937). In experiments upon limbs paralysed by cord isolation she found 
atrophy of bone when the lower part of the nervous system was intact but not functioning.” 
In showing that bone which was innervated but disused would readily change in diameter, 
she concluded that there was no evidence of a direct trophic factor in the nervous system 
influencing the growth of bone. 

Whereas it is accepted by all investigators that paralysis of muscles leads to bone atrophy, 
there is no agreement upon the changes in length which follow nerve division. Armstrong 
(1946) denervated the forelimbs of eight immature rats and found, fifteen weeks later, slight 
shortening of the humerus, and a little more shortening of the radius. Gillespie (1954) in the 
kitten found no length changes in the limb bones eight weeks after anterior root section, 
although there was considerable bone atrophy. These bones showed a considerable reduction 
in weight and radiographic density compared to the control limb. Although there were very 
slight changes in bone quality, the main effect of the nerve lesion was to produce a diminution 
in the total quantity of bone remaining. Gillespie’s failure to observe paralytic lengthening 
in the kitten was probably due to the early skeletal maturity of this animal. 

Charges in bone form occur in all motor defects of the lower limb. These are most 
pronounced in the femur. The femoral neck retains its infantile form. The position of valgus 
and anteversion is not confined to poliomyelitis, but is common to all paralytic lesions, and 
may also be seen in association with delay in walking due to mental defect. Changes 
in the angle of the femoral neck will produce variations in the length of the femur on the 
scanograph, but these variations appear to be slight. The lower femoral epiphysis is also affected 
in most children with a lower motor neurone lesion. The defect is almost always one of a 
relative increase in the growth rate on the inner side, with the consequent development of a genu 
valgum. Such a deformity might be due to a contracture of the soft tissues on the outer side 
of the knee, to the deforming effect of weight bearing without muscle support, or to the 
valgus position of the hip. 

Changes in the shape of the tibia are slight and inconstant. A secondary rotation 
deformity occasionally appears, and is accentuated by backward displacement of the lateral 
malleolus. These changes do not influence measurements of tibial length. Changes in the 
shape of the foot bones also occur, either as a direct result of muscle inactivity, or secondary 
to soft-tissue contractures producing deformity. These changes may produce insignificant 
effects upon functional limb length. 


~ CONCEPTS OF NERVE CONTROL 


The clinical and experimental evidence which has been presented and discussed indicates 
that the normal growth and maintenance of bone is dependent upon muscle activity. Selective 
nerve lesions have shown that sensory and sympathetic fibres do not influence the growth or 
structure of bone. Lesions of the motor nerves produce changes which must, in the end, be 
due to the disturbance of limb function which follows muscle paralysis. There is no evidence 
to confirm the existence of trophic nerve fibres. 

Defects of muscle action might be expected to affect the development of the skeleton in 
one of several ways. From the loss of direct muscle action, or as a result of a disturbance of 
whole limb function, there may be a mechanical influence upon the growth of the limb. 
Changes in tissue temperature within the limb and in muscle blood flow also occur. In the 
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late stages of the paralytic lesion fibrotic changes in muscle may be associated with the 
retardation of bone growth. 

Periosteal new bone formation is undoubtedly disturbed by a loss of muscle pull. As a 
result, the periosteum becomes tightly bound to the underlying bone, and the osteogenic 
tissue is scanty. Muscle markings are less well developed. All these changes can be explained 
by a direct loss of muscle pull. In the child most muscles are attached to periosteum rather 
than to bone itself, and the influence of muscle loss is a direct and local one. Where the loss 
of muscle pull is confined to a small area, loss of bone bulk is largely confined to the same 
region. This is particularly well shown in the atrophy of the trochanters which occurs in the 
presence of a local muscle paralysis. It is less obvious in the muscles which clothe the shafts 
of long bones. 

To the failure of the bone to grow in diameter must be added the loss of much of its 
lamellar structure, atrophy of the cortex, and enlargement of the medulla. These changes 
are probably due less to the loss of local muscle pull than to the more general disturbance 
of use which is associated with a paralytic lesion. The paralysed limb tends to be spared 
from the strains and stresses which are responsible for the maintenance of full bone 
structure. 

In a discussion of the effects of nerve lesions it must be remembered that the growth of 
bone in length occurs mainly at the metaphysis, but small increments occur in the bony 
epiphysis by the replacement of articular cartilage. From a study of the experimental animal 
it is probable that the epiphysis in paralytic lesions does not take part in the process of 
paralytic lengthening, and its growth, even in the early stages of a nerve lesion, is reduced. 
The changes in total bone length therefore depend upon whether the increase in diaphysial 
growth exceeds the depression of epiphysial activity. 

It would be reasonable to assume that the new bone formed by the metaphysis depends 
upon mechanical factors for its maintenance. Using this argument, the disturbance of growth 
in length which is associated with a paralytic lesion depends, in the end, upon the same factors 
as the disturbance of growth in breadth. There is no reason why the metaphysial bone should 
be less sensitive than the periosteal bone, other than in its isolation from the direct loss of 
muscle action. Although it is customary to regard the growth in length of the bone as dependent 
primarily upon the action of the epiphysial cartilage, there can be no doubt that the speed 
of growth in this region is also governed by the rate of new bone formation in the 
metaphysis. 

The weakness of the mechanical explanation of bone shortening lies in its failure to 
explain the phenomenon of paralytic lengthening. There is little difference between the 
functional state of the severely paralysed limb one month from the onset of the disease and 
the following year. It ts tempting to regard the fibrotic changes in muscle as playing a part in 
the development of limb shortening. However, the limb with contractures is no more likely 
to develop severe shortening than the limb without (Ring 1957). Also it is clear that contractures 
. of muscle can develop in the early stages of the disease, when lengthening is the rule. Paralytic 
lengthening cannot be directly due to the mechanical disturbance of function, and this must 
lead to an examination of the vascular factors. 
| The total blood flow in the limb after poliomyelitis is usually disturbed, but when this is 
related to the volume of the paralysed limb there is probably ‘no significant diminution of 
tissue blood flow at rest. However, as has been seen, the vasodilation response in the skin is 
sometimes absent, and the blood flow in activity must be reduced. One of the results of inactivity 
is a cold leg, and the temperature changes in skin and muscle after poliomyelitis recorded by 
Trott, Nesline and Green (1958) have been confirmed in a small personal series of patients 
using a steel/constantan thermocouple. It might seem reasonable to suggest that the shortening 
of the limb may be related to the lowering of tissue temperature after muscle paralysis. 
However, heating the epiphysial cartilage in the experimental animal (Ring and Lee 1958) 
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fails to produce bone lengthening. In four children with limb shortening following poliomyelitis 
the epiphyses around the knee were maintained at a temperature of 105 degrees Fahrenheit 
for three months. No change in the rate of bone growth occurred. 

If the effect of paralysis is not directly a thermo-regulatory one, it is at least possible 
that some vascular shunt may produce changes in limb length. In an experimental study ot 
bone rarefaction following tenotomy of the tendo calcaneus or plaster immobilisation Geise1 
and Trueta (1958) showed that bone rarefaction is intimately associated with hyperaemia. 
This observation presents a logical explanation of the paralytic lengthening of bones which 
occurs soon after a motor nerve lesion, or indeed, during any period of inactivity. Lengthening 
of bones in the early stages of poliomyelitis is like the lengthening which occurs in the early 
stages of the tuberculous hip—both are due to bone hyperaemia. 

The hyperaemia of disuse is temporary, and overgrowth of bone ceases when its blood 
supply returns to normal or subnormal limits. Might the subsequent shortening of bone be 
directly related to bone ischaemia? It has yet to be shown that the metaphysis in the paralysed 
limb suffers a significant diminution in its blood supply, and if it does, that this ischaemia is 
the cause of the depression of metaphysial activity rather than one of the effects of a diminution 
in the rate of bone growth. The mechanical influences which regulate the decomposition of 
bone cannot be lightly disregarded, and it appears possible that both vascular and mechanical! 
changes play a part in the final disturbance of bone growth. | 

Two factors thus seem to be of significance in the changes of bone growth which follow 
paralytic lesions: 1) The hyperaemia of disuse which produces temporary stimulation of the 
rate of bone growth and results in the phenomenon of paralytic lengthening; 2) the changes 
in limb function which result from paralysis and disuse. These mechanical changes are 
associated with a retardation of growth in diameter and length. 


2 


SUMMARY 


1. An experimental study of the effects of nerve and muscle lesions upon the growth of bone 
has been made. In each case animals were subjected to unilateral lesions in the hind limb, 
the other limb serving as a control. The growth of the tibia was measured by calculating 
the difference between the length of the bone on a radiograph at the beginning of the 
experiment and the length of the dried bone after necropsy. The weights of the dried bones 
were compared. 


2. In the young rabbit simple exposure of the common peroneal nerve, or division of the 
sural nerve, produced no change in the growth rate of the tibia. Division of both peroneal 
nerves, producing paralysis of the muscles below the knee, led to lengthening of the affected 
tibia, and this lengthening persisted until maturity several months later. A similar lengthening 
was seen after division of the tendons around the ankle. In spite of this lengthening the tibia 
on the side of the operation was almost always lighter than its fellow. 


3. In the puppy division of the anterior nerve roots supplying the hind limb produced a 
significant lengthening of the tibia of the affected limb three months after operation. No 
significant changes in limb length occurred after lumbar sympathectomy in the puppy. 


4. The significance of these experimental nerve lesions has been considered together with 
recent observations upon the growth of bone in the presence of lower motor neurone lesions 
in the child. From this analysis it is suggested that the initial effect of paralysis is to produce 
lengthening of the affected bone. This lengthening is probably due to the hyperaemia of 
disuse. In the presence of persistent. paralysis the growth of the limb is ultimately depressed. 
This depression is rarely seen in the experimental animal because the growing period is 
relatively short. The possible causes of this secondary depression of bone growth have 
been considered. 
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T 1E CHEMICAL BACKGROUND OF INTERVERTEBRAL DISC PROLAPSE 


P. E. G. MITCHELL, N. G. C. HENDRY and W., Z. BILLEwicz,* ABERDEEN, SCOTLAND 


This paper has as its principal object the demonstration of changes in the chemical 


cc nposition of the nucleus pulposus associated with disc prolapse. In pursuance of this it has — 


been necessary also to investigate along parallel lines the chemistry of the normal ageing 
process. 

In the past few years a great deal has been learned about the normal intervertebral disc, 
and about the changes in it which accompany advancing age. Much light has been thrown 
o1 the functioning of the disc by Sylvén’s work (1951) which established the ultrastructure of 
the nucleus pulposus: he showed it to consist of a network of fine collagen fibrils, about which 
are aggregated clumps of a saccharide/protein complex forming a gel and responsible 
for the very high imbibition capacity of the nucleus. The exact nature of the polysaccharide, 
which has been the subject of some disagreement, is now in less doubt. Earlier identifications 
of hyaluronic acid are open to question; but the presence of chondroitin sulphates A and C, 
and of a keratosulphate (Hall, Floyd, Happey, Horton and Naylor 1957) has been confirmed 
by other workers, including Davidson and Woodhall (1959), who have shown a change in the 
ratio of these two polysaccharides in prolapse and “degeneration.” Exact identification of 
the polysaccharide was not relevant to the present work, but would have been of additional 
interest in the light of Davidson and Woodhall’s findings. 

It is known that normal ageing is accompanied by a gradual increase in collagen and a 
decrease in mucoprotein, the morphology of this process having been closely studied. This 
work has been summarised by Birkett (1950) and by Naylor, Happey and Macrae (1954). 
In deranged discs a lowering of imbibition pressure has been found, and it has been suggested 
that this could set up mechanical and hydrostatic effects sufficiently severe to rupture the 
annulus. Also, as imbibition is a function of gels, it has been postulated that a quantitative 
or qualitative change in nuclear mucoprotein is the immediate cause of disc derangement 
(Hendry 1958a, 19585). Other workers have had similar views on the existence of mucoprotein 
derangement, but have assumed some hyperhydration phenomenon to be necessary to explain 
annular rupture (Naylor and Smare 1953; Charnley 1952; Bush, Horton, Smare and Naylor 
1956; Smare, Happey and Naylor 1958). There has been some confusion on this subject, 
some of it arising from the paucity of published work comparing normal and prolapsed 
discs, and some from the false premise that the breakdown of a gel will result in an increase 
in hydrophilia, in the same way as does molecular breakdown in an osmotic system. Further, 
the observation of reduced water-binding capacity in the prolapsing nucleus has in the past 
been mistakenly equated with the desiccation of ageing. More recently, however, the possibility 
that these might be two.separate processes has been recognised (Lancet annotation 1959). 

In the present work forty-four normal discs from cadavers have been eompared with 
dsc material from fifty-six patients in whom a protrusion or extrusion had been found at 
o»eration. The method of collection was as previously described (Hendry 1958a). Values 
\ere obtained in each specimen for collagen, polysaccharide and total protein, the collagen 
b-ing estimated as hydroxyproline, the polysaccharide as hexosamine and reducing sugars, 
aid the total protein as nitrogen. The two groups were matched for age (Table I) and, in the 
¢ nical group, the length of the patient’s history was also noted—in particular the time between 
t e first onset of relevant symptoms and laminectomy. Difficulty arises in directly comparing 


* Co-author responsible for statistical appendix. 
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TABLE I 


Discs OBTAINED AT NECROPSY AND AT OPERATION = VALUES PER 100 MILLIGRAMS Dry WEIGHT FOR HEXOSAMIN |, 
REDUCING SUGARS, COLLAGEN AND TOTAL PROTEIN (AS NITROGEN). RELATION TO AGE IN DECADES 


Number of discs Hexosamine 
ome Necropsy Operation Necropsy Operation 
specimens specimens specimens | specimens 
Under 20 . : 5 6 6°44 5-70 
20-29 , 5 7 7-15 3-99 
30-39 7 9 900... 4:03 
40-49 : 14 18 751 4-18 
50-59 13 16 5°51 3-94 
Total 44 56 
Mean 6-99 4-23 
Standard deviation 2:13 2-22 


the two groups because of the presence in one of them of this additional factor of the duratio) 
of the disability. In order that there should be no confusion between this and the effects duc 
to the patient’s age, all data were subjected to a full statistical analysis, which is published as 
an appendix. Certain facts about the two groups are, however, immediately apparent, and 
are indicated below under “ Results and Comments.’” Comparison of the two groups and the 
deductions that can be made therefrom then follow under “ Discussion.” 


METHODS 


Preparation—The disc material was chopped finely, ground in acetone and solid carbon 
dioxide, and the resulting material filtered and dried in vacuo. This dry material was again 
ground until a homogenous powder was obtained. 

Analytical methods—Aliquots of the powder were then analysed. 

Estimation of hexosamine—The method employed was that of Elson and Morgan (1933) as 
modified by Consden (1958). In principle, this involves hydrolysis of the polysaccharides; 
the hexosamines are extracted with acetyl acetone in alkaline solution and converted to a 
pyrrole derivative. This gives a coloured condensation product with p-dimethylaminobenzalde- 
hyde. The colour is then measured. Standards are carried through the procedure. 
Estimation of reducing sugar—After hydrolysis of the disc, estimations were made by the method 
of Nelson (1944) using a Somogyi Copper reagent. 

Estimation of collagen—The method used was that of Neumann and Logan (1950), as modified 
by Martin and Axelrod (1953). This involves the conversion of collagen to soluble gelatin, 
which is then hydrolysed. The resultant hydroxyproline is then estimated following oxidation 
and incubation with p-dimethylaminobenzaldehyde. Standards of hydroxyproline are again 
used. The collagen is then calculated by the use of the appropriate conversion factor. 
Estimation of nitrogen—The Kjeldahl method, employing a Markham and Smith micro- 
distillation apparatus, was used. Digestion was carried out in sulphuric acid with selenium 


dioxide as catalyst. 
RESULTS AND COMMENTS 


Normal necropsy discs—Specimens were taken from subjects who had died without known 
vertebral disease. In the absence of any known chemical or other criterion of normality. 
discs were accepted for this group provided simply they showed no bulging or attenuation of 
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TABLE |—continued 


[ scs OBTAINED AT NECROPSY AND AT OPERATION = VALUES PER 100 MILLIGRAMS Dry WEIGHT FOR HEXOSAMINE, 
REDUCING SUGARS, COLLAGEN AND TOTAL PROTEIN (AS NITROGEN). RELATION TO AGE IN DECADES 


Reducing sugars Collagen Total protein 
Necropsy Operation Necropsy Operation Necropsy. Operation 
specimens specimens specimens specimens specimens specimens 

8-40 6-58 18-66 38-62 8-06 10-93 
10-43 7-27 46-74 8-48 11-28 
12-14 6-51 28-96 36-75 8-44 11-39 
11-85 6-58 23-90 41-77 8-72 12-25 
11-20 5-88 9683 50-54 8-61 11-43 
11-15 6-45. 24-88 43-75 8-54 11-62 
— 3-78 $18 14-60 1-32 1-33 


the annulus or any Schmorl’s nodes. It is possible that some specimens were in fact in a 
“ »re-protrusion ”’ phase, but any discrepancy arising from this does not appear to be significant. 
This difficulty should in future be easily avoidable in the light of the figures given below. 

The mean values per 100 milligrams dry weight were, for hexosamine 6-99 milligrams, 

for reducing sugars 11-15 milligrams, for collagen 24-88 milligrams, and for nitrogen 8-54 
milligrams (Table I). When the discs are grouped according to the age of the subject (Figs. 
| to 5) three facts emerge—1) the polysaccharide content is considerably influenced by age, 
2) there is a gradual increase in collagen content as age advances, 3) the nitrogen level 
remains virtually constant. This last finding is of considerable importance because of the light 
it throws on the metabolic process involved in normal ageing, and also on the relation between 
this and prolapse. It is discussed fully beloW¥. The increase in collagen confirms the deductions 
which can be made from morphological studies already reported. 

No reason can be adduced for the increase in hexosamine-yielding polysaccharide up to 
the fourth decade, and its gradual decline thereafter, nor for the slight progressive increase in 
the yield of reducing sugars. It is of very considerable interest to note that the identical sequence 
of changes has been reported by Hass @943) in the hexosamine content of costal cartilage. 
Prolapsed discs—A striking departure from normal was found in all four estimations (Table I 
and Figs. 6 to 9). The mean values per 100 milligrams dry weight were as follows, the normal 
figures being shown in brackets after each:—hexosamine 4-23 milligrams (6°99), collagen 
43-75 milligrams (24-88), reducing sugars 6-45 milligrams (11-15), nitrogen 11-62 milligrams 
(8-54). 

Grouping of these discs by age suggests that a clear relationship between age and the 
chemical contents no longer exists (Table 1). There is quite striking uniformity in the 
hexosamine and in the reducing sugar levels in all age groups, suggesting that, irrespective of 
the normal for that age, the polysacchatide content must fall to a certain critical level before 
prolapse occurs. The changes in collagen content, when related to age, are not statistically 
sisnificant, nor are those in total protein. Two abnormalities of the prolapsed disc are 
th-refore immediately apparent—first, that the amounts of all the principal constituents are 
si: nificantly altered, hexosamine and reducing sugars being decreased and collagen and total 
pr tein increased; and second, that the changes normally related to age no longer occur. 

In contrast with the second finding, the relationship between changes in the chemical 
cc nposition and the duration of the patients’ disability is clear and progressive (Fig. 10). 
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Mearf values for hexosamine, collagen and total protein (as nitrogen) 
in normal discs, showing changes associated with ageing. Note the 
peak reached by the hexosamine content in the thirty to thirty-nine 
age group, and the gradual increase incollagencontent with advancing age. 
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Hexosamine falls sharply as the disability continues, collagen rises, and total nitrogen onc 
again remains constant, although at a higher level than normal. Any suspicion that the los: 
in polysaccharide is merely the result of autolysis, secondary to the mechanical derangement 
is countered by the constancy of the nitrogen level and by the rising collagen content, both o- 
which must indicate that an active metabolic process still continues. This process appear: 
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Diagram showing scatter of values obtained for hexosamine in 
fifty-six prolapsed discs removed at operation. The regression line 
for normal discs is shown. Note the marked reduction of hexosamine. 
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Diagram showing scatter of values obtained for reducing sugars in 
fifty-six prolapsed discs removed at operation. The regression line for 
normal discs is shown. Note the marked reduction of reducing sugars. 


from the figures to be a specific one, characteristic of the prolapsed disc, independent of the ~ 
patient's age, and advancing according to the duration of the disability. 


n 

DISCUSSION 

As no age-dependent changes have been found in the prolapsing disc, it is impossible to st 
write in terms of a process of * pathological ageing ’’ which might be contrasted directly with 

** normal ageing.” Rather must one think of a physiological sequence (Fig. 5) from any point li 
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of which a pathological train of events may begin, leading first to prolapse and then to an 
end-state in which there is much less polysaccharide and much more collagen than in the most 
aged of normal discs (Fig. 10). Other pathological states such as osteoarthritis no doubt 
also have characteristic chemical changes, and the dividing lines between them may well be 
indefinite. It seems likely-that the relative rate of change in the two main constituents of the 


+ 
+ 


a 
oO 


oO 
\ 
4 


00 25 30 35 40 45 50 55 
AGE (YEARS) 
Fic. 8 


Diagram showing scatter of values obtained for collagen in fifty-six 
prolapsed discs removed at operation. The regression line for normal 
discs is shown. Note the increase in collagen. 
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Diagram showing the scatter of values obtained for nitrogen in 

fifty-six prolapsed discs removed at operation. The regression line 

° for normal discs is shown. Note the increase of total protein (as 
nitrogen). 


nucleus is important in determining what mechanical effects may follow. The presence at any 
one time of a relatively large amount of actively breaking-down polysaccharide, with the 
consequent setting up of hydrostatic effects, is probably the crucial factor in the “ prolapsing ” 
sequence. 

From an etiological point of view it is interesting to consider at what point in the patient’s 
life the processes of normal ageing and pathological polysaccharide loss diverge. It could be 
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argued that “ derangeability ” arose from a failure of the normal polysaccharide increase o 
appear in the third and fourth decades. This would, however, imply that for patients int e 
age group where prolapse is commonest an abnormality had been present without causi ¢g 
symptoms for perhaps as long as ten or fifteen years, and this is unlikely. It seems mc e 
probable that the pathological process supervenes for reasons unknown at any time and tl 
the maximum change-in physical characteristics of the discs, and therefore the highest clinic || 
incidence, occurs when the mucoprotein content should normally be at its highest, name y 
in the fourth decade. From the deductions made below concerning the metabolism of be 4 
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The mean values for hexosamine, collagen and total protein (as nitrogen) 

shown in relation to the duration of symptoms. Note the increase of 

the collagen values and decrease of hexosamine values with increase 
in the duration of symptoms. 


processes, it appears that separation of the protein fraction of the mucoprotein provides the 
material necessary for the build-up of collagen, and must therefore be presumed to precede 
such build-up. This would be a period—when polysaccharide had been depolymerised, but 
collagen had not yet taken its place—when a disc would be particularly vulnerable, and the 
existence of such a phase was indeed previously postulated by one of us on purely physical 
grounds. The vulnerability would be the greater, the greater were the initial polysaccharide 
content, which may again explain the susceptibility to derangement in the fourth decade. 
The condition of the “‘ healed ” prolapsed disc can reliably be deduced from Figure 10 
as being a state of fibrosis, not corresponding to any point in the normal ageing sequence. 
As a corollary of this, it must be assumed that a disc, once prolapsed, will never return to 
normal, and that treatment should be directed at encouraging the formation of fibrous tissue. 
This is presumably the basis of the success of immobilisation. The present data provide 
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reinforcement for the view that treatment should be conservative, in the form of protection 
of the affected segment of spine, unless persisting symptoms or signs of nerve pressure indicate 
otherwise. Equally, with present methods, there is no justification for describing a disc 
lerangement as “ cured ”’: this will be possible only when some means is found of restoring 
he polysaccharide content to normal. Hirsch (1959) has suggested that treatment may become 
ossible in the future by the development of a “ chondrolytic enzyme, that, injected into a 
isc, would cause a connective tissue reaction.”” On the basis of the present work the encourage- 
rent of such a reaction would be a logical step, but it seems likely that the use of a purely 
epolymerising agent would, initially at any rate, increase the hydrostatic effects from which 
ae disc was already suffering. \ 

The constancy of the nitrogen levels within each Gj the two groups has already been 
ferred to. It is a totally unexpected finding, which casts light not only on the normal process 
‘nd its derangement but also, possibly, on the mechanism of the “ maturation ” of collagen 

1 general. It is to be noted that nitrogen can be derived only from two main sources in the 
. ise—one the collagen, the other the protein moiety of the polysaccharide/protein complex. 
48 age progresses in the normal disc, and as the disability progresses in the prolapsing one 
(Figs. 5 and 10), both these constituents undergo major changes, and itis little short of astonishing 
‘nat, in the face of this, the sum total of protein should remain constant. The only readily 
. vailable explanation is that the addition to the collagen must be derived from the protein 
liberated from the mucoprotein breakdown. The possibility of mucopolysaccharides 
participating in collagen “* maturation ” has recently been formulated by Jackson (1954, 1957) 
on histochemical grounds. It seems likely that detailed study of the nucleus pulposus will 
provide further evidence in favour of this concept: electron microscopy studies at present in 
progress in Aberdeen lend some support to it, and will be reported separately. Whether or 
not this proves to be a generally occurring mechanism throughout the body, there can be no 
doubt that, in the disc, the process of normal ageing involves some such transfer of protein, 
and that the provision of the material for the increase in collagen is in some way related to 
thé gradual decrease in mucoprotein ‘ufter the peak levels of the fourth decade have been 
reached. The breakdown of a protein/polysaccharide link can therefore be confidently 
postulated as the change underlying the physiological ageing process. 

In the prolapsing disc this process is superseded by another, in which, irrespective of age, 
the polysaccharide falls sharply to much lower levels than are ever encountered in the 
physiological process; collagen meantime rises equally sharply and total protein again remains 
constant, but at a level about twice as high as normal. The rapidity and extent of these changes 
suggest that, compared with the physiological process, multiple and probably different 
polysaccharide/protein linkages are being broken down. Such a breakdown would certainly 
produce altered imbibition characteristics of the kind already shown to be typical of prolapsed 
discs, and it is therefore put forward now as the chemical change underlying disc derangement. 


SUMMARY AND CONCLUSIONS 


Two groups of intervertebral dists, one normal, as obtained from the post-mortem room, 
the other prolapsed, as removed at operation, have been compared by chemical analysis of 
their principal constituents. There is a progression of chemical changes associated with the 
ageing of the normal disc. This shows not only the expected slight increase in collagen as age 
advances, but also, surprisingly, that the polysaccharide content rises to a maximum in the 
fourth decade, in the same way as does polysaccharide in costal cartilage. In prolapsed discs 
the ageing process is superseded by a different and distinctive progression, which advances, 
not according to age, but according to the duration of the prolapse. There is a critical level 
to which the polysaccharide content must apparently fall, irrespective of the normal level for 
the patient’s age, before a prolapse occurs. Normal ageing probably consists in the breakdown 
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of a particular polysaccharide/protein linkage, with coincident “ maturation” of collagen. Ir 
the prolapsing disc multiple, and possibly different, linkages are rapidly broken down. Thi. 
depolymerisation of a gel structure must be presumed to be the basis of the decreased imbibitio1 
capacity of the nucleus pulposus, and to be the source of the hydrostatic abnormalities whic! 
result in disc prolapse. 

In both normal and prolapsing discs the products of mucopolysaccharide breakdow: 
appear to participate in the metabolism of collagen. 7 


STATISTICAL APPENDIX 


The differences between the normal (necropsy) discs and the discs removed at operatior 

shown in Table I are statistically highly significant of a real difference between the groups 
It has to be noted that the variation of collagen values is significantly greater in the prolapsec 
than in the normal discs. ; 
The effect of age—The analysis of hexosamine values for normal discs indicates a parabolic 
regression with a maximum between thirty and forty years of age. The relation is significan 
at the 5 per cent level and the standard error of the estimate is 2-01 milligrams per cent (fo: 
the regression equation see Figure 1). In normal discs there is a slight tendency for the reducing 
sugar content to increase with the patient’s age but the relationship fails to reach statistica! 
significance (Fig. 2). Collagen values in normal discs increase with the patient’s age. The 
relation is significant at the 5 per cent level and the standard error of the estimate is 4-88 
milligrams per cent. The regression equation is shown in Figure 4. 

There is virtually no trend with age in nitrogen values (Fig. 3). 

In contrast to the above findings there is no significant change with age in the estimates 
obtained for prolapsed discs (Figs. 6 to 9). 

The duration of disability—The observed values for hexosamine tend to decrease and those 
for collagen to increase as the duration of disability increases. The correlation coefficients 
between duration and hexosamine and collagen respectively are —0-29 and +-0-37. These 
coefficients are statistically significant at 5 per cent and | per cent levels respectively. 

Relationship between hexosamine and collagen content— While the correlation +0-11 between 
hexosamine and collagen content in normal discs is not significant, there is a significant 
(at 2 per cent level) negative correlation —0-34 between the two variables in prolapsed discs, 
indicating that the collagen values tend to increase as hexosamine decreases. The difference 
between the two coefficients is significant at the 5 per cent level, suggesting that the observed 
difference in the joint behaviour of hexosamine and collagen is characteristic of prolapsed discs. 

When the prolapsed discs are divided into two groups according to the duration of 
disability and the hexosamine/collagen correlations in the two groups are compared the 
following results are obtained. For the discs from patients with less than two years’ disability 
the correlation between hexosamine and collagen is —0-52. For those from patients with 
disability lasting two years or more the correlation is —0-:24. Although the two coefficients 
are not statistically different, the difference is rather striking, especially since the correlation 
in the long duration group is enhanced by five unusually high collagen values coupled with 
rather low hexosamine contents. This observation may have no meaning, but it might on the 
other hand suggest that prolonged treatment somehow reduces the initial low hexosamine/high 
collagen relation existing in prolapsed discs. 


This work was made possible by a research grant made to one of us (N. G. C. H.) by the Board of Management 
of Aberdeen General Hospitals, to whom therefore we are greatly indebted. Laboratory facilities were very 
kindly made available by Dr A. Lyall, Head of the Department of Clinical Chemistry, Aberdeen University, 
and we have had much helpful advice from Dr G. P. Fraser of that department, and from Professor J. Young 
of the Department of Pathology. We owe particular thanks to Mrs Brenda Kay for her meticulous technical 
work, and to Mr J. Watt of the Department of Pathology for the provision of necropsy specimens. Colleagues 
in the Orthopaedic Department contributed many of the operative specimens. The figures are the work of 
sd G. — formerly Chief Technician in the Clinical Chemistry Department, and Mr W. Topp, clinical 
photographer. 
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CROSS-SPECIES GRAFTS OF DEPROTEINISED BONE 


N. M. HANcox, R. OWEN and A. SINGLETON, LIVERPOOL, ENGLAND 


From the Department of Histology, the United Liverpool Hospitals, and 
Department of Veterinary Physiology, University of Liverpool, Liverpool 


Over the years many substances other than the patient’s own bone have been used for 
grafting. There are many excellent reviews of the older work where full bibliographies of the 
large number of published reports can be found (Chase and Herndon 1955; Dick 1946: 
Groves 1917; Jacob, Gowing and Dunphy 1959). More recently it has been suggested that 
the usefulness of cross-species bone as a graft material could be increased greatly by removing 
its tissue proteins beforehand because the latter may provoke an antigenic regponse in the host 
and thus complicate the reaction towards heterografts. 

The proteins of bone are located both in the bone tissue proper, as collagen and 
polysaccharide, and in the intertrabecular spaces, as marrow, vessels, nerves and so on. Theii 
removal (“ deproteinisation ”) can be effected by destructive reagents such as ethylenediamine 
or hydrogen peroxide; enzymatic proteolysis has also been employed. Protein can also be 
burned out by incinerating bone, but this seems to weaken it excessively. When successfully 
deproteinised, samples consist for all practical purposes simply of the mineral skeleton of 
the bone. They have a low nitrogen content and do not char on heating. 

- Animal experiments show that deproteinised heterogenous bone grafts when used for 
| filling defects and for bridging gaps give at least as good a result as fresh homogenous or even 
: autogenous material. It has also been suggested that the graft material not only serves as an 
excellent scaffold for the deposition of new bone by the host, but, in addition, has genuine 
osteogenic properties; that is, the graft induces the host’s tissues to form new bone in sites 
: where otherwise none would have been formed. 
Treated animal bone would have much to recommend it clinically; large supplies could 
| be prepared and stored against an emergency; grafts of various shapes and sizes could be 
; prepared beforehand very much more easily than they could from fresh bone; sterilisation is 
: easy and certain because the material withstands autoclaving; and the patient does not have to 
suffer the second incision and inconvenience attached to autografting. In view of these 
advantages it seemed worth while to test by animal experiments the biological findings of 
others. Such previous work had been carried out in dogs and rats. A different species, the - 
; sheep, was used in the experiments described below (Campbell, Brower, MacFadden, Payne 
and Doherty 1953; Chalmers and Sissons 1959; Curtiss and Herndon 1956; Goff 1944: 
| Losee and Hurley 1956a and 6, Hurley and Losee 1957; Losee and Boyne 1957; Maatz and 
| Bauermeister 1957; Maatz, Lentz and Graf 1954; Orell 1937; Ray and Holloway 1957). 


MATERIALS AND METHODS 


The bone samples—Heterogenous bone for deproteinising was obtained from calves between 
; two and six weeks old. A few samples of banked human bone were also used. Spongy 
cancellous bone tissue was removed from beneath the articular cartilages of the long bones 
and cut into small cubes weighing two to three grammes. These were treated in three different 
ways: a) deproteinised in hydrogen peroxide as described by Maatz and Bauermeister (1957); 
5) in ethylenediamine (Losee and Hurley 1956 a and 6, Hurley and Losee 1957); and c) by a 
combination of the two methods, as follows. The pieces were first exposed to a large volume. 
of 40 per cent hydrogen peroxide at 38 degrees Centigrade for twenty-four hours, after which 
the reagent was renewed and allowed to act again for twenty-four hours at the same temperature. 
The pieces were then washed under a stream of running water to dislodge any adhering 
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remnants of soft tissue. At this stage they appeared to be quite free of intertrabecular tissue; 
,owever, they charred readily on heating and retained most of their original physical strength 
vhich indicated that the collagen fibre framework was in all probability still more or less 
ntact. After defatting in ether for twenty-four hours, the pieces were next extracted for 
wenty-four hours in a Soxleht apparatus with ethylenediamine, washed in a stream of distilled 
vater, dried and finally extracted for twenty-four hours in absolute ethanol to remove last 
races Of ethylenediamine. Such pieces, chalky white in colour, did not char on heating. 
“hey were stored in ethanol or ether until required for use, when the solvent was evaporated 
ff. They were then autoclaved at fifteen pounds pressure for twenty minutes. 

To obtain fresh frozen homogenous bone, the femora and tibiae were removed aseptically 
om a sheep; the bones were stored in the bone bank for twenty-one days at —37 degrees 
‘entigrade before being used to provide cancellous homografts. 

)perative technique—Anaesthesia was induced in the sheep by intravenous pentabarbitone 
odium. A McGill tube was next inserted and anaesthesia continued with closed-circuit 
. yclopropane and oxygen (Gregory 1947). No anaesthetic difficulties were met. 

In the experiments the upper parts of the tibia or ulna (group one) and the lower parts 
of the femora (group two) were used to receive the grafts. Holes, seven-thirty-seconds of an 
inch diameter and about three-eighths of an inch deep, were drilled through the compact bone 
into the cancellous bone. All wounds healed rapidly by first intention and the sheep were 
running normally in a few days. As described below, the number of holes and their treatment 
differed in the two groups of experiments which were carried out. 


GROUP ONE 


Details of experiments—In this group of seven sheep an attempt was made to ascertain 
a) whether a drilled hole would repair more rapidly if left empty or filled with autogenous 
or treated heterogenous material; b) whether heterogenous bone deproteinised with hydrogen 
peroxide or ethylenediamine would give the better result; and c) whether deproteinised 
material would induce bone to form by metaplasia. 

Three or four defects were drilled in the upper end of either the ulna or the tibia in each 
of the sheep and a plug of autogenous bone was removed with a burr of the same diameter. 
One hole was left empty, whilst others were filled by inserting plugs of the test material. 
The sheep were killed after seventeen days. The graft sites were recovered, fixed in 10 per cent 
formol for ten days, decalcified and embedded in polyester wax (Steedman 1957). Serial 
sections were stained with haematoxylin and Gomori’s chromotrope/aniline blue mixture. 
Results—It had been hoped that the microscopic anatomy of the bone surrounding the drill 
holes would be reasonably comparable in each case. However, wide variations in the trabecular 
density occurred. In some cases, in which the compact bone was thick, the bone density 
was high, so that the rate of healing would be expected to be slow; in others, in which the 
bone around the hole was much more cancellous, the healing rate would be expected to be 
faster. Thus, direct comparison of all holes could not be made indiscriminately; variations 
of this sort had always to be kept in mind when repair processes were being studied, particularly 
if quantitative assessments were involved. 
|. No graft—After seventeen days healing had not progressed very far. The defects were 
filled with granulation tissue and a little new bone had been laid down in the depths, and to 
a less extent around the sides of the hole. The appearances agreed with the usual findings 
that the endosteal osteoblasts had proliferated, migrated inwards, and deposited new bone. 
2. Autografts—Results were disappointing in that the samples had obviously suffered mechanical 
injury whilst being removed with the burr. The bone trabeculae were tightly compressed 
and their osteocytes dead. The grafts were very shallow, and lay, not as a plug extending in 
depth into the defect, but as a lid across the top. In some sheep this lid was more or less anchored 
in place by new trabeculae, whilst in others the attachment was not as firm. Events in the 
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depths did not seem to have been influenced 
significantly. 

3. Treated heterografts—Appreciably more 
bone had been formed. Towards the 
bottom of the hole, the trabeculae of the 
graft material had been covered over by 
new bone produced by the host and in- 
corporated into newly formed trabeculae. 
Around the sides a similar process had 
often occurred (Figs. | and 2). In this way 
bone formation in the filled holes had 
spread farther towards the centre of the 
graft. 

The trabeculae of the grafts were easy 
to recognise. Both their histological 
appearance and the reaction they had 
provoked differed according to the treat- 
ment they had received. After hydrogen 
peroxide extraction the trabeculae looked 
: * opaque and stained intensively with acid 
Fic. | | dye. Since the tissue had been decalcified— 


The appearance of a heterograft, prepared by extraction thus removing bone salts—before sectioning, 
with hydrogen peroxide, at seventeen days. A low-power : ‘ : 
view of whole specimen. The hole contains reaction tissue 4nd since in theory the protein had also 


and graft trabeculae. New bone is growing in fromedges been removed from the graft, there should 
and from the bottom. ( 50.) 

have been little or no solid residue left in 

the sectioned trabeculae. In places large aggregations of plasma cells and lymphocytes 

had gathered near the graft material, suggesting sites of antigen-antibody reaction. There 

were large foreign body giant cells against the graft substance, and areas suggestive of 

liquefaction (Figs. 3 and 4). These observations suggest very strongly that deproteinisation 


© 


Fic. 2 ta 
A heterograft, prepared by ethylenediamine extraction, at seventeen days. The area shown is near the bottom 
of the graft bed; graft trabeculae (paler-stained) have been covered by newly deposited bone (darker). ( < 300.) 
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Fic. 3 


A heterograft, prepared by extraction with hydrogen peroxide, at seventeen days. The tissue around the graft 
material (G) is densely infiltrated with plasma cells and lymphocytes. (x 300.) 


Fic. 4 


\ heterograft, prepared by extraction with hydrogen peroxide, at seventeen days. It comprises bone (darker- 
tained) and cartilage (paler). Foreign-body giant cells (right-hand edge, top and middle) are present. Abundant 
thick collagen bundles are accumulating. (= 300.) 
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had been far from complete. In contrast, after ethylenediamine treatment the graft trabeculae 
were much more transparent and paler-stained (Fig. 2). They seemed to have provoked 
no abnormal tissue response; cells resembling osteoclasts had gathered here and there 
(Hancox 1949, 1956). Plasma cell-lymphocyte infiltration was not commonly seen and it 
seemed that deproteinisation had been much more complete. In both cases the reaction 
tissue filling in the spaces between the graft trabeculae was quite different from that seen in 
the empty holes. It contained many bundles of collagen fibres (Fig. 4). These were not present 
in sites occupied by the plasma cell-lymphocyte aggregations mentioned above (Fig. 3). 

In several instances small islets of newly formed bone were seen in the interior of the 
graft, more or less at the centre, and either actually upon the implanted trabeculae or else 
extremely close to them (Figs. 1 and 5). This occurred with both hydrogen peroxide and 
ethylenediamine treated material. The question then arose whether the osteoblasts responsible 


Fic. 5 


A high-power view of the centre of the area enclosed within the circle on Figure 1. New bone (B) has been 
deposited on or near the graft material (G). (= 450.) 


for this bone had been produced locally, as a metaplasia from indifferent connective tissue 
cells caused by an osteogenic stimulus emanating from the graft, or whether they had simply 
migrated inwards, although over quite a long distance, from the undamaged bone around 
the hole. By the use of serial sections it was possible to demonstrate that the apparently 
isolated bone islets could be traced back in direct continuity to newly formed bone at the 
edge of the defect. In other words, tongues of new bone had grown out from the sides of the 
hole towards the centre of the graft along its trabecula¢. This ruled out any question of the 
direct osteogenic effect reported by Maatz and Bauermeister (1957), although there is no 
explanation why osteoblasts migrated so far into the graft, but did not migrate in empty holes. 
Perhaps the explanation lies with the collagen bundles formed between the graft trabeculae. 
These could serve as a ladder along which osteoblasts could grow, in the same way that tissue 
culture cells grow along artificial fibres. It is, however, difficult to explain why the collagen 
bundles form in the first place. 

Graft material was also implanted intramuscularly in two sheep. In contrast to the 
findings of Maatz and Bauermeister (1957) no bone was formed. 
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GROUP TWO 


\etails of experiments—Jn this group of nine sheep a simple comparison was made between 
ae merits, as graft material, of fresh frozen homogenous bone stored in the bone bank and 
reated heterogenous bone. Two holes were drilled in the left femoral condyle. One was 
led with banked homogenous bone and the other with heterogenous bone deproteinised by 
he combined hydrogen peroxide and ethylenediamine technique. In this group the graft 
ites were recovered after thirty-six days, and fixed, decalcified, embedded and stained as before. 
tesults—As with group one, experimental conditions proved to have been rather variable. By 
hance most of the homogenous bone grafts had been inserted in rather dense compact bone, 
vhereas the deproteinised grafts were mostly surrounded by cancellous bone which would 
2nd to heal more quickly. However, by the time thirty-six days had expired healing was 
.dvanced in both and qualitative assessment of the histological result was simple. 


Figure 6—A heterograft, prepared by the double extraction method described in the text, at thirty-seven days. 

Low-power view of whole specimen. The drill hole is still recognisable. Graft trabeculae (pale) lie buried in new 

bone which appears as a dark line around them. (x 50.) Figure 7—The same host as Figure 6, showing a banked 

homograft, but at this magnification it is not — " — the newly formed bone from implanted 
material. (x 50. 


In general with both types of graft most of the implanted trabeculae were more or less 
buried in a covering of newly deposited bone (Figs. 6 to 11) though there was some variation 
in the depth and completeness of the covering. In the grafts with advanced healing (four out 
of nine) fatty, and even actively haemopoietic, marrow had replaced the reaction tissue 
between graft trabeculae (Figs. 8 and 10). In those with less advanced healing, fatty marrow 
was seen spreading in from the sides. The reaction tissue in the central zone no longer possessed 
‘he collagen fibre bundles seen after seventeen days in the first group of experimental animals. 
As cartilage frequently occurs in callus it is perhaps rather surprising that it was seen around 
graft material in one sheep only (Fig.-11). It is possible that this is a species peculiarity on the 
part of the host. It happened that this was the single sheep in which treated human bone 
was employed. 
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Fic. 8 
A heterograft, prepared by the double extraction method, at thirty-seven days. The pale-stained core of 
implanted material is covered by newly deposited bone (darker-stained). Haemopoiesis proceeds in the 
surrounding marrow. (x 300.) 


Fic. 9 


A banked homograft, at thirty-seven days. The bar of implant material lies in undifferentiated tissue. Osteoclast: 
are seen along its upper edge. No new bone has formed. ( x 300.) 
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Fic. 10 


A banked homograft, at thirty-seven days. The graft material (G) is shown with its empty lacunae as a central 
core buried in newly formed bone (B). (x 300.) 


Fic. Il 


A heterograft of human cancellous bone prepared by the double extraction method. The pale-stained implant 
is covered by a thick layer of new bone seen on the beats above; below and to the left, cartilage can be 
seen. (x ) 
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In some implants the trabeculae of the graft protruded above the top of the drill hole: 
although surrounded by reaction tissue similar to that seen in the central zone of the grafi. 
new bone was lacking, whereas it was plentiful in the implant material immediately below th : 
top level of the hole. If an osteogenic stimulus from the graft had caused a local metaplasia c © 
osteoblasts, new bone should have formed equally in both of these sites. This favours th: 
view that endosteal osteoblasts had migrated into the graft. : 

There were some differences in the local effects of the two materials. With the banke 
homografts there were occasional large gatherings of plasma cells and lymphocytes, suggestin « 
a lingering antigenic response. Their dead trabeculae were often seen lying in undifferentiate | 
reaction tissue, with no covering of new bone (Fig. 9); it was as if they were tolerated b> 
the host’s tissues, but had not stimulated osteogenic cells and fibres to grow into them. Thi; 
might have been caused at an earlier stage by plasma cell and lymphocyte accumulation ; 
interfering with migration of osteoblasts. On the whole, there seemed to be rather less ne\ 
bone around the homografts than the treated heterografts, but this is a subjective impressio:: 
which could not be verified objectively in our material. It is certainly safe to say that thirty-si . 
days after grafting as much new bone had formed in the holes filled with treated heterograft ; 
as with homografts. 

DISCUSSION 

In these experiments there was no evidence that the grafts caused bone to form 
by metaplasia. Implants in muscle failed to form bone; in the drill holes the new bone grev. 
in from the edges. The study of bone induction is notoriously difficult, and one of the problem. 
is the variation with different species. It may well be that the sheep is more refractory than 
the dog; this may be why we failed to confirm the findings of Maatz and Bauermeister (1957). 

From our results, it is apparent that the sheep tolerates deproteinised heterogenous bone 
as well as the dog, monkey and rat (Campbell et a/. 1953, Losee and Hurley 1956a and b. 
Hurley and Losee 1957, Maatz and Bauermeister 1957, Chalmers and Sissons 1959, Ray and 
Holloway 1957). 

The heterogenous grafts did not give rise to any unfavourable tissue reactions, and the 
trabeculae made a suitable framework for the deposition of new bone by host cells. It is 
difficult to imagine that the human body would behave very differently towards such grafi 
material, and indeed treated animal bone has already been used ‘in patients (Orell 1937. 
Goff 1944, Maatz et al. 1954, Maatz and Bauermeister 1957). 

The present experiments show only what happens when the material, shaped to a solid 
plug, is placed in a hole in bone. Much more work is needed to determine its usefulness under 
other conditions. Powdered material (Ray and Holloway 1957) might offer advantages over 
cubes for filling cavities and other bone defects. Grafts having a denser amd more compact 
nature, with a greater tensile strength, might be more suitable for some clinical purposes 
where mechanical stability is needed—such as in the management of non-union of fractures. 
The superior texture of the treated human bank bone was observed during the grafting; it was 
less crumbly and less friable than the treated calf bone, yet easily shaped by a scalpel to the 
right size. This suggests that the calf bone was immature and that bone from older animals 
might be stronger. 

SUMMARY 
1. Cancellous bone cubes from calf and man were deproteinised with hydrogen peroxide and 
with ethylenediamine. 
2. Long bones were removed aseptically from sheep, stored in the bone bank and used for 
cancellous homografts. 
3. Holes were drilled in the upper part of the tibia or ulna or in the lower part of the femur 
of sheep. Some were left empty; others were filled with plugs of the deproteinised heterogenous 
bone, with autografts, or with homografts. 
4. Histological appearances were studied after seventeen and thirty-six days. 
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5. At seventeen days repair was more advanced in the plugged holes; the biological result 
vas better with the ethylenediamine-treated than with the peroxide-treated material. After 
hirty-six days repair was at an advanced stage. As much new bone had been deposited on 
he trabeculae of the deproteinised heterografts as on those of the homografts. 

.. There was no evidence of: metaplastic bone formation; new bone seemed to form from 


ndosteal osteoblasts. 
Certain clinical implications are briefly discussed. 


Ve wish to express our gratitude to the United Liverpool Hospitals Joint Research Committee for the financial 
apport which made this work possible. Our thanks are also due to Mrs J. Oliver and Mrs G. Hearnshaw for 
yeir technical assistance, and to Professor E. G. White of the Department of Veterinary Preventive Medicine, 
‘niversity of Liverpool, for the care and accommodation of the animals at the Veterinary Field Station. 
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FRACTURE MECHANICS 


MICHAEL ALMS, SASKATOON, CANADA 


Formerly Orthopaedic Registrar, Bristol Royal Infirmary 


The shaft of a long bone may break in a variety of ways in response to different type; 
of violence. Four basic types of linear fracture may be recognised (Fig. 1): transvers. 
oblique transverse, spiral, and oblique. The violence of the injury may lead to secondar ° 
fractures and comminution that tend to obscure the primary failure, but with care this ca | 
nearly always be discerned. : 

Standard works on engineering do not explain satisfactorily the mechanism by whic): 
these fractures are produced; to the engineer the actual mode of failure of a material is o° 
less interest than its avoidance. I have therefore attempted to explain, in the light of elementar 
theory on the strength of materials, occurrences that are familiar to everyone practisin;. 
traumatic surgery. 

The following calculations are applicable to a homogeneous brittle material. Adul 
cortical bone has a brittle matrix but is strengthened by an intricate fibrous network. To : 
large extent it behaves as a uniform brittle solid, but sometimes the grain of the fibrou: 
structure is found to modify the expected fracture. Quantitative examination of the strength. 
of bone is made virtually impossible by variations in form and composition of the material. 
A solid material may be subjected to stresses of compression, traction or shear. Linear 
fractures may—occur in brittle solids in response to traction or shear stresses. Compression 
may cause linear fracture but this will be brought about as failure in a plane of shearing. 


Fic. 1 
~ Four basic types of linear fracture: transverse, oblique transverse, spiral, oblique. F 


EFFECTS OF DIFFERENT TYPES OF STRESS 


The possible ways in which a long bone might fail by linear fracture are considered 
below, and the type of fracture that would theoretically be produced in each case is considered. 
It will be found that these conform to the four types of fracture mentioned in the opening 
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saragraph. A careful assessment of the histories of the mechanism of injury in accident cases 
vill verify the theory of fracture mechanics propounded. 
Simple traction—Thjs type of stress is most unlikely to be exerted on the shaft of a long bone 
o the point of failure. Even when the limbs are resisting a tension force, muscle contraction 
s such that the skeleton is subjected to compression rather than tension. We see this type of 
racture in the medial malleolus when a fracture-dislocation of the ankle occurs in eversion. 
he fracture line is transverse and is typical of failure of a material under tension. 
jimple compression—If a pillar be subjected to increasing axial compression it will fail by a 
inear shear fracture, more or less plane, at an angle slightly steeper than 45 degrees. The » 
xial compressing force can be re- > 
olved, at any angle, into a tangential 
shearing force and a normal or | 
ompressing force (Fig. 2). It is 
asily shown that the shear stress 
oecomes greatest at 45 degrees, and 
one might expect failure to occur in 
that plane. However, the com- 
pressive factor modifies the tendency 
for the material to disrupt. It can be 
shown that as the plane increases 
towards the vertical the intensity of 
the shear factor is at first only slightly 
diminished while the intensity of the 
compressive factor falls off rapidly. 
A plane of greatest weakness occurs 


at some angle near 45 degrees Fics. 2 to 4 


; ’ Figure 2—Resolution of axial compressing force. 
depending oe the nature of the Figure 3—Stresses in beam subjected to bending force. 
material. Failure, by shear fracture, Figure 4—Transverse fracture ; soft-tissue hinge preserved. 


will occur in this plane. 

In practice fracture of the shaft of a long bone does not occur under these circumstances. 

Simple compressive stresses without angulation are rare. When they do occur the cancellous 
structure of the bone ends fails before the shaft yields. 
Bending—If a beam be subjected to bending stresses are set up within it: compression 
stresses on the concave side and tension stresses on the convex. A neutral plane of zero 
stress occurs at some level between the two (Fig. 3). If the stress be increased failure will 
occur, in a brittle material like bone, on the side under tension. A typical transverse 
crack will appear in that part under greatest tensile stress, the surface of the convex side. 
This crack diminishes the cross-section area of the beam at this point and the greatest stress is 
laid on the next layer. The crack spreads across the beam, always occurring in material that is 
under tension. The resultant fracture is therefore transverse. 

In practice this type of fracture is seen when a bone that is not bearing weight or stressed 
by muscular contraction is struck a direct blow. In the tibia this often occurs at football. 
he soft-tissue hinge is preserved on the side of the blow (Fig. 4). This fracture, like the blow, 
may occur anywhere in the shaft of the bone. 

Sending under axial compression—-If a beam be loaded by axial compression during bending 
he resultant fracture will be modified. If the compression force is insufficient in itself to 
‘ause failure, bending will lead to the following situation. Compressive forces will diminish 
yn the convex side of the beam and increase on the concave. Failure may occur by shearing 
’n the side under compression and spread in a plane near 45 degrees across the beam. On the 
ther hand the material might resist failure under compression until the convex side were 
inder such tension stress that fracture occurred on that side in a transverse plane. The 
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fracture would spread across the beam until its cross-section were so reduced that failure 
would occur under the compression force of the axial loading. The latter part of the fracture 
would be at the oblique angle typical of this mode of failure. According to the axial stress 


Fic. 5 
Stresses in the lower part of 


the weight-bearing tibia. 
each other. As the lesser fragment moves and bears on the projecting spur of the major 
fragment the projection is sheared off through a secondary fracture line which develops in 
the same way as the oblique part of the primary fracture. According to the axial stress laid 


Fic. 6 


and the properties of the material so will the proportion of 
transverse to oblique fracture be determined. As the axial loading 
increases so will the oblique section be increased at the expense 
of the transverse until the fracture is entirely oblique. 

In practice this fracture is often seen in the tibia. The bone 
is usually bearing the body weight and may be stressed also by 
the far greater forces of muscular contraction and acceleration. 
(It is worth remembering that in standing on the toes of one foot 
the calf muscles must exert a force of about twice the body weight 
to keep the heel elevated. The lower part of the tibia must provide 
the counter thrust for this contraction besides bearing the body 
weight. It is therefore stressed in its lower part with about three 
times the body weight (Fig. 5).) The healthy young adult involved 
in a road accident, either taking vigorous evasive action, or 
subjected to violent deceleration, typically shows this fracture. 
Basically a single curved surface is formed, oblique in part, 
transverse in part (Fig. 6). Very often a butterfly fragment is 
formed by the shearing off of the fragment of bone bearing the 
oblique surface of the fracture. This probably occurs after the 
primary failure and is due to movement of the main fragments on 


Fic. 7 | Fic. 8 Fic. 9 ~- 


Figure 6—Components of a single curved surface. Figure 7—Tracing of oblique transverse 
fracture shown in Figure 1. The fracture line at the posterior border of the tibia is transverse. 
Figure 8—Tracing of transverse fracture shown in Figure 1. There is an oblique section with 
separated fragment at the anterior border of the tibia. Figure 9—Failure caused by bending forces, 


with formation of butterfly fragment. 
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mn the bone at the time of failure so the extent of the oblique section will vary. In practice 
i a : appears that the fracture always begins under tension—that is, there is always a transverse 
: lement present though sometimes it is very small (Fig. 7). Similarly it seems that there is 
| lways an oblique section to the most typical transverse fracture (Fig. 8). This would imply 
: iat bone is always under some axial compression. When one 
ynsiders muscle tension the truth of the observation is evident. 

A beam that is bent will fail near the middle and this fracture is 
: ‘en most commonly at the mid-tibia or at the junction of the middle 
: ad lower thirds. Like the transverse fracture it is produced by 
| snding, and the soft-tissue hinge (Charnley 1957) will be formed 
7 a the concave side—the side of the oblique fracture and the 
| itterfly fragment (Fig. 9). 
) 1 wisting—If a shaft be twisted against resistance a shearing force 
i established. If the shaft be hollow it is easy to understand the 
sate of shear that is set up in its surface. Failure of a brittle shaft 
| (curs in typical spiral form, the angle of the fracture spiral being 
avout 45 degrees to the axis. In this plane the disrupting effects of } 
snearing factor and tension factor are at their greatest. Failure 


' ai one point leads to a rapid spread in this plane until the upper : 
and lower ends of the fracture lie one above the other. The a 
Spiral fracture produced 
fracture line is then completed by a vertical element between by twisting forces. 
, these points (Fig. 10). 


Such a simple twisting force could scarcely occur in the skeleton except in the manipulation 
r of the anaesthetised patient. The usual cause of rotation stresses is the misapplication of the 
’ body weight. We should therefore consider the effects of axial loading on the twisted shaft. 
1 In Figures 11 and 12 the square represents a unit area of the surface of the shaft. In Figure 11 
the rotational shear stress is resolved at a 45-degree plane into stresses of shear and normal 
tension. In Figure 12 the axial compression force is resolved in the same plane into stresses 

of shear, in the same direction, and normal com- 


s 


~~ pression stress. If the intensity of stress of the two 

a re ‘ original forces were equal, a state of simple shear 
= would occur at 45 degrees and failure would occur 

ats at or near this plane. The greater the axial com- 

n v pression force the more nearly vertical will the 


plane of simple shear become, but the plane of 
greatest weakness will never much exceed 45 degrees. 

The forces of rotation on the tibia are not very 
powerful and the bone of the healthy young adult is 
well able to withstand them. If failure occurs it 


Fic. 11 Fic. 12 


Figure 11—Resolution of a transverse shear- 
ing force into normal and tangential factors Usually takes the form of a fracture-dislocation of 
at an angle of 45 degrees. Figure 12— the ankle. In this injury the barrel vault of the tibia 
Resolution of a vertical compression force 

into the same factors in the same plane. must rise on the dome of the talus before enough © 


rotation can occur to stress the malleoli. But once | ' 
this has occurred these small processes are the weakest part of the bone and they fail. In the 
ederly the bone becomes osteoporotic and its strength is diminished. In a similar twisting | 
a-cident the tibia can fail before sufficient force has been applied to cause this bone to lift 
ca the talus. The malleoli have not withstood the stress better than the shaft, they have not 
ten subjected to the stress. This explains the prevalence of the spiral fracture in the elderly. 
I s situation, almost without exception in the lower third of the bone, is because it is a shearing | 
f acture and it is this part of the bone that is subjected to the greatest axial compression a 
t ader the influence of the calf muscles. 
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The spiral fracture has its own soft-tissue hinge. This lies posteriorly in the tibia, ove 
the vertical section of the fracture line (Fig. 13). This fracture can be ascribed to angulatio | 
about a vertical axis at this point. The presence of this hinge can be confirmed clinically t 
the ability of the foot to rotate outwards, which opens the fracture on its hinge, but not inward . 
Rotation with bending—If a shaft be twisted and bent simultaneously the resultant forc : 
is the equivalent of angulation about a: 
oblique axis. This in itself would tend t» 
promote a plane fracture transverse to th: 
direction of the angulation as in ar’ 
bending fracture. If the shaft be axial) ’ 
loaded at the same time a tendency t) 
shear at an oblique plane near 45 degrec ; 
will occur simultaneously, increasing th: 
liability to failure. 

This type of fracture also is commo1 
clinically. It results from a simple slip; th: 
foot is rotated outwards at the same tim: 
as the subject falls backwards. This prc - 
vides the oblique angulating force, and the’ 
body weight, etc., provides the axial com- 
pression. Being a bending fracture it should 

Fic. 13 Fic. 14 tend to occur near the middle of the bone 

Figure 13—Position of soft-tissue hinge in spiral | but below the origin of the soleus which is 

fracture. Figure soft-tissue hinge in Contributing substantially to the axial com- 

pression. In practice this type of fracture 

is seen most often at the junction of the middle and lower thirds of the tibia. Being a fracture 

produced by angulation it has a soft-tissue hinge. This lies posteriorly (Fig. 14). The presence 

of this hinge can easily be confirmed clinically because the leg will rotate outwards, opening 
the fracture on its hinge, but not inwards. 

These fractures all have a soft-tissue hinge which can be used in achieving reduction and 
can contribute to the subsequent stability of the bone whether it be immobilised by plaster 
or by internal fixation. 


SUMMARY 
1. Linear fractures of the shaft of the long bones are divided into four basic types: 1) transverse; 
2) oblique transverse; 3) spiral; and 4) oblique. 
2. The mode of production of these fractures is deduced on the grounds of simple mechanical 
theory: 1) transverse fractures are a result of angulation; 2) oblique transverse are the result 


_ of angulation with axial loading; 3) spiral fractures are the result of axial twists with or without 


axial loading; 4) oblique fractures are the result of angulation and axial twisting in the presence 
of axial loading. 
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MUSEUM PAGES 
VI. Spinal Cord Tumours with Gross Deformity of the Spine 


CAMPBELL GOLDING, LONDON, ENGLAND 


In recent years three patients with intramedullary tumours of the spinal cord have been 
eferred to an orthopaedic hospital. This course, which may appear unusual, was dictated by 
1e deformity of the spine, that accompanied the tumour. It was clear from the radiographs 
iat the scoliosis and the gross deformity seen in the lateral projection were due to erosion of 

1e appendages, particularly the erosion and disorganisation of the intervertebral joints. These 
‘umours, to which a fourth has since been added, were larger than any of those recorded in 
' orty-one publications on intramedullary tumours, except for one reported by Anderson and 
( arson (1953). 


Fic. 1 Fic. 2 


Case 1. Figure 1—Radiograph taken in 1945. The appearances are still unchanged. Diagnosed after biopsy 
as chordoma. Figure 2—All cases showed a similar kyphosis. 


Since the radiographic appearances are so uniformly grotesque it is possible that from them 
the diagnosis could be made. ’ But it is important to realise that a radiologist may spend a 
lifetime in ignorance if a pathologist errs. A mistake in diagnosis will be repeated, and, in 
the case of rare lesions such as these tumours, the correct interpretation may be delayed for 
many years. 

Thus the woman illustrated in Figures 1 and 2, when aged twenty-nine, was subjected to 
biopsy in 1945. At the age of twelve she had developed pain at the base of the spine after a fall down 
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Case 2—Radiograph taken in 1940. The appearances 
are essentially similar to those of Cases 1, 3 and 4 
(Figs. 1, 4 and 5). 


Fic. 4 Fic. 5 
Cases 3 and 4 showing the same features as Cases 1 and 2, diagnosed after biopsy as ependymoma. 
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some steps. Radiographs were reported asnormal. Sheremained at school until she was fourteen, 
but with increasing difficulty in walking; at seventeen she developed loss of sensation in the 
feet and some difficulty in lifting them. At eighteen she was put in a plaster jacket, but the 
symptoms gradually progressed. At nineteen she lost control of the bladder and the rectum. 
When she was twenty-four years old she was manipulated by an osteopath for “ curved 
vertebrae.” 

On examination the patient had scars of old bedsores on the back, which had developed 
while she was in plaster. There was gross wasting and almost complete loss of power in the legs 
above the knees. Abduction of the hips was feeble, but adduction and flexion were stronger. 
There was anaesthesia of the dorsum of the feet, extending up the lateral side of the leg and 
posteriorly up the thigh to the buttock up to the level of the anus. The ankle jerks were absent, 
but the knee jerks were present; the plantar response was absent. 


Radical surgery was not advised because at that time (1945) her condition had been 


stationary for five years (and has not deteriorated since then). The biopsy yielded some 
spongy material, and the report on the histological section was as follows: There are small 
clumps of fine cords of uniform cells with fusiform nuclei in a loose vascular mucinous matrix. 
Although the typical physaliphorous cells are not seen, the appearance is highly suggestive 
of chordoma. 

Because of this report the radiograph of an earlier patient (Fig. 3) was labelled chordoma, 
but with some hesitation, because no other examples of chordoma in the library had the same 
characteristics. However, since it had recently been recognised that the radiological 
appearances of chordoma were more variable than they had formerly been thought to be, the 
opinion was accepted. 

Recent experience suggests that these tumours were in fact ependymomas. In 1959 
the radiographs of a tumour of the cauda equina were seen (Fig. 4) and, in 1960, there was 
another example (Fig. 5). These two patients presented the same characteristic kyphosis, and 
the same radiological findings, as the patient illustrated in Figure 2, and in both a firm 
pathological diagnosis of ependymoma a it is suggested that this is the correct 
diagnosis in all four cases. 
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INSTRUMENTS AND APPLIANCES 


INSERTER FOR SMALL Y-TYPE INTRAMEDULLARY NAIL 


C. S. CAMPBELL, BRIDGE OF EARN, SCOTLAND 


Insertion of the small V-type intramedullary nail, such as is used in the forearm bones, is often 


complicated by a distortion or breaking of the end housing the extraction eye. This accident is due 
to the large size of the hole, relative to the diameter of the nail, causing a weak point in the area of 


the extraction eye. When the end of the nail is struck by a punch or mallet the vulnerable part gives 
way, closing the extraction hole or breaking off the end of the nail, thus making difficult the later 
removal of the nail. The instrument described here has been designed to avoid damage to the nail 
while it is being driven. The instrument’s main feature is that it occludes the extraction eye while the 
nail is being inserted, thereby strengthening the weak area and preventing collapse of the hole. 


= 


The inserter is made of silver steel and consists of a shaft about four and a half inches long, of a 
suitable diameter to allow use of the standard Kiintscher nail extraction hammer. There is a cylindrical 
block at the driving end. The inserting end is widened slightly for a distance of an inch: into this is 
screwed an angled pin which is shaped to fit into the standard extraction eye and the V of the nail. 
Method of use—The vertical arm of the angle piece is placed in the extraction hole and the shaft is 
then screwed up to grip the nail end. The nail may then be driven in without fear of damaging the 
weak area, the force being transmitted directly along the line of the nail. When the extraction eye 
has reached the cortex of the bone, insertion of the nail will be stopped by the vertical arm of the 
angle pin, thus leaving the nail in the correct position for later removal. The instrument may also be 
used for extraction in conjunction with the Kiintscher nail extraction hammer. 


I wish to thank Mr Peter Fraser, Chief Technician of the Orthopaedic Workshop, Bridge of Earn, who made 
the original instrument. The instrument is obtainable from Messrs Chas. Thackray Ltd. of Leeds. 


AN INTRODUCER FOR A MODIFIED KESSEL SPLINE 


J. C. F. LLoyD WILLIAMSON, BRIGHTON, ENGLAND 
From the Royal Sussex County Hospital, Brighton 


In many cases of McMurray’s displacement osteotomy a spline is inserted to stabilise the bone 
fragments in their new position. Surgeons’ preferences vary, and many like the Kessel spline, which 
has the advantage of a wide and curved surface for close application to the femoral shaft. The author 
suspects that some operators will have found, as he has, that this spline is rather difficult to insert, 
because it is not easy to hold or drive into the greater trochanter. 

Kirkham (1960) suggested that a “‘ step’ would facilitate driving, and this modification was 
incorporated by the manufacturers. Wood (1960) designed an introducer which holds the V-sectional 
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pline firmly during introduction. "From these premises this new introducer and modified Kessel 
sline have been designed. The spline, which is “ stepped” and marked off in inches, has near the 
tep an extra and somewhat oversized hole, to which the introducer is attached by a socket-headed 
srew; there are four other holes for later insertion of the screws for fixing the spline to the femoral 
jaft. The introducer is shaped in such a way that the butt, which is hit with a Fitzgerald slotted 
ammer, is still approximately parallel with the shaft of the bone, and so the direction of the blow is 
ot out of true, and thanks to the crank in the shaft the butt lies well away from the side of the thigh, 


even in a stout, bulky patient. In consequence, the spline can be held snugly against the femoral shaft 
and driven under full control and without difficulty up into the greater trochanter. If insertion is too 
deep, the knob on the butt and slotted hammer make partial retraction simple. 

Once the spline is seen radiologically to be correctly placed one screw is inserted into the femur 
to anchor the spline to the shaft. Then the screw holding the introducer to the spline is removed with 
a T-spanner, the introducer detached, and the spline fixed to the femoral shaft by the other three screws 
in the usual manner. The spline is made in two sizes. 


| gratefully acknowledge my indebtedness to Mr J. H. Kirkham and Mr H. L.-C. Wood for their suggestions, 
and to Mr S. Higgins of the Clinical Photographic Department, Royal Sussex County Hospital, for the 
photographs. I thank Mr G. M. Down for his technical help and advice in producing the instruments. These 
may be obtained from Messrs Down Bros. and Mayer & Phelps Ltd., of Church Path, Mitcham, Surrey. 
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PROCEEDINGS AND REPORTS OF UNIVERSITIES 
COLLEGES, COUNCILS AND ASSOCIATIONS 


GREAT BRITAIN 


BRITISH ORTHOPAEDIC ASSOCIATION 


The Forty-second Annual Meeting of the British Orthopaedic Association was held in Leeds anc 
Harrogate from October 27 to 29, 1960. Mr H. J. Seddon, the President, was in the Chair. 


The scope and importance of the orthopaedic management of haemophiliacs—Mr H. V. Crock (Oxford, 
(introduced by Professor J. Trueta) said that many haemophiliac patients were seen in Oxford, where 
the pioneer work was done on the isolation of anti-haemophilic globulin. Many of these patients 
were seen at the Nuffield Orthopaedic Centre because of their need for active orthopaedic treatment. 
There were three types of complication: recurrent haemarthrosis, soft-tissue haemorrhage and intra- 
osseous haemorrhage. Recurrent haemarthrosis was the commonest. The usual picture of inevitable . 
severe crippling resulting from this should not be accepted without question. The deformities often 
resulted from the early treatment, which usually consisted only in bed rest and compression bandage. 
The presence of blood in a joint led to gross cartilage destruction from the chondrolytic effect of 
plasmin, a normal constituent of blood. Though this might be rapid the destructive changes observed 
clinically usually evolved slowly. A contributory factor was the flexion contracture which readily 
developed and led to recurrent haemorrhages. The subsequent osteoporosis predisposed to subchondral 
haemorrhages and further disruption of the joint. Treatment should aim at prevention of deformity 
by splintage, but also by mobilisation and the restoration of function as quickly as possible. Aspiration 
in the recurrent case had been unrewarding but might have a place in the fresh haemarthrosis. 
Haemophilic blood cysts developed in the thigh or abdomen usually in relation to a large muscle 
such as the iliopsoas or quadriceps. They were caused by rupture of the subperiosteal vessel plexus. 
These cysts produced severe bone changes. Any haemorrhage in these muscles should be treated by 
rest, and if it was practical by any means to remove these cysts before they became too big it should 
be done. At the present time, however, this was very dangerous. 


An appraisal of muscle and tendon transfers—Mr J. M. P. Clark (Leeds) said that although there had . 
been a great decrease in the incidence of poliomyelitis, other flaccid peripheral paralyses were on the 
increase—for instance, in children with spina bifida cystica who, since the introduction of the Spitz > 
Holter valve, were now more likely to survive. Plexus lesions and isolated nerve palsies from injury 
were on the increase. Tendon transfer could be helpful in spastic paralysis such as cerebral palsy. 
The aims of tendon transference were the removal of a deforming force, and restitution of muscle 
power where it had been lost. In considering the advisability of a tendon transfer operation it must 
be taken into account that one-third of the muscle power would be lost. In the upper limb there were 
five efficient muscle transfer operations, but.so far nothing had been devised to help the flail shoulder. 
Pectoralis minor transplant for winged scapula gave a good result, as did pectoral transfer for flexion 
of the elbow. Flexor-plasty of the elbow was helpful provided some active flexion was already present 
Both flexors and extensors should be transferred upwards. The flexor-extensor transplant in the 
wrist and fingers was good provided all the active flexors were not transplanted. The pulley operatior 
to restore opposition of the thumb was satisfactory provided the abductor was acting. In the lowe: 
limb the results were less satisfactory. Always the chief value of a tendon transfer was in removing 
deforming forces and restoring muscle balance, with the object of preventing developing deformit: 
during growth. It was wrong to wait until the deformity developed before operating. The righ 
time for operation was when no further muscle recovery was to be expected. Sometimes additiona 
static forces such as bone blocks might be required. Mr H. J. Seddon (London) asked if a varu: 
osteotomy was helpful in paralytic dislocations of the hip. Mr Clark replied that it was, but that.i 
should be combined with a tendon transplant. Contractures from paralysis were not the same a 
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those after trauma. They were no more than shortening of the normal muscle when it was unopposed 
which subsequently did not grow. Lliopsoas transplant was better functionally when the child was standing 
because it helped it to keep upright. Mr E. S. Evans (Alton) said that the hamstring to quadriceps 
transplant helped in producing stability of the knee. 


Osteogenesis by vesical mucosal transplant—Dr M. Makin (Jerusalem) said that the relationship 
»etween vesical mucosa and bone induction had long been recognised. It had been observed by 
Neuhof in 1917 (Surgery, Gynecology and Obstetrics, 24, 383). He had studied the phenomenon in 
‘60 guinea pigs. A piece of bladder mucosa was placed under the lumbar fascia well away from any 
yone. An epithelialised cyst formed in ten days and by three weeks osteogenesis developed around the 
‘yst. At first the osseous matrix resembled provisional callus, but after the third week recognisable 
amellae developed and, later, primitive marrow spaces. Injection experiments showed that the cyst 
vas surrounded by a network of blood vessels. The cyst contained a glairy fluid which, if it escaped 
nto the surrounding tissues, promoted further ossification. The cyst was surrounded by an area of 
ntense alkaline phosphatase activity. If the vesical mucosa was previously frozen it was absorbed 
vithout producing bone. An experiment was carried out in which vesical mucosa was placed into a 
vone defect and the resulting union compared with a control. More bone was produced by the mucosa, 
out the rate of union was no greater. He concluded that here was a process of bone formation which 
was different in that it was neither membranous nor cartilaginous. 


ihe Commonwealth Scholarship Act—Sir Charles Morris, Vice-Chancellor of the University of Leeds, 
described the organisation which was being set up to help the newly independent countries. The 
Commonwealth Education Conference met in Oxford in 1959 to discuss the supply of technologists 
and teachers to the underdeveloped and newly independent countries, which were the ones least well 
equipped in this respect. It was obvious that for a long time supply would fall well short of the demand, 
but there was great determination that something must be done and already legislation had been 
passed to this effect. Five hundred scholarships had been made available in this country, 250 of them 
to be given each year. The idea was that the scholars should be brought over after they had taken 
their first degree for postgraduate study. This scheme was organised by the government but run by 
the universities, who were anxious to help, and a large number had already started. The newly 
developed countries had already had substantial sums of money to help them to develop their own 
universities up to the level of the first degree, and America and Canada and other countries had been 
helping with this. Efforts were being made to second our own university teachers to these new 
universities, but it was difficult to find men willing to go away leaving families and career for three to 
live years, and if this scheme was to work these problems must be overcome. Nevertheless, the scheme 
generally had got off to a good start. Mr H. J. Seddon (London) asked if it was desirable for private 
arrangements along these lines to be made such as had been the case with Hong Kong. Sir Charles 
Morris replied that in such a clear-cut case the answer was yes, and the authorities would no doubt 
help so long as money was available. Sir Harry Platt (Manchester) said that this was a very heartening 
communication. But there were many committees trying to carry out the same programme in these 
underdeveloped countries and there seemed to be little co-ordination between them—each country 
acting independently. This would lead to confusion. More co-ordination would lead to an economy 
of effort and manpower. Sir Charles Morris replied that the Vice-Chancellor’s Committee was in 
touch with similar bodies in other countries, and regular meetings were held to ensure co-ordination. 
Mr J. Edelstein (South Africa) said that many men came to this country from South Africa to complete 
their education. Their own medical schools were now being formed and the scheme mentioned was 
very welcome. Mr H. Osmond-Clarke (London) asked what was the mechanism whereby a man in 
one of the countries could apply for a scholarship. Sir Charles Morris said there was an organisation 
in each country for this and he could apply to his university or the British Council. There was an 
inter-university unit in this country to co-ordinate this problem. 


The influence of certain hip muscles upon the shape of the upper end of the femur—Mr E. N. Wardle 
and Dr M. Brookes (Liverpool) presented a joint paper. Mr Wardle pointed out that many factors 
affected the normal shape of the growing upper end of the femur. He dealt with two aspects of this— 
the development of valgus deformity and dislocation resulting from it. He described those changes 
occurring in three different types of patient. He showed an example of increasing valgus occurring 
na child who had poliomyelitis at the age of four. The hip was dislocated seven years later. Flaccid 
»aralytic dislocation occurred in a limb in which some muscle activity remained rather than in one 
sompletely paralysed. The sequence of increasing valgus leading to dislocation was also found in 
‘pastic paralysis. Thirdly, he mentioned that abduction of one hip might result in dislocation of the 
ther, and he showed an example of this in a child with tuberculosis of one hip and shortening of 
‘he leg. Valgus and dislocation developed on the opposite side. Clinical observation showed that 
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unopposed action of the abductors produced varus deformity whereas unopposed psoas action caused 
valgus. Dr Brookes described experiments carried out with a decalcified femur fixed so that forces 
could be applied to simulate the isolated effect of the psoas, the abductors or the adductors. The 
psoas caused valgus and untwisting of the neck and increased bowing of the shaft. The abductors 
acting alone caused the exact opposite and the adductors caused varus, twisting of the neck and 
increased bowing of the shaft. The equal pull of all resulted in normal shape. Mr M. Brett (Salisbury) 
advised caution in diagnosing coxa valga from a plain antero-posterior radiograph alone. He had 
found in twenty paralysed hips that the valgus deformity was only apparent: this could be demonstrated 
by radiographing the hip in full medial rotation. Mr G. A. Pollock (Edinburgh) said that it was difficult 
to draw conclusions from experiments on an isolated bone. All hips dislocated in the presence of 
spasm of the adductors and paralysis of the abductors, and anteversion developed. Dr Brookes 
replied that he found that traumatic dislocations took place anteriorly but those due to muscle 
imbalance posteriorly. The forces accounting for this could be observed on a specimen. 


Fracture of the femoral neck in children—Mr A. H. C. Ratliff (Southend-on-Sea) had reviewed 
sixty-three children between the ages of three and sixteen years who had had fractures of the femoral 
neck. These were classified as: two transepiphysial, thirty-seven transcervical, twenty basal, and four 
pertrochanteric. Twenty-one of the cervical fractures and four of the basal fractures were followed by 
avascular changes. These were either severe (involving the head and neck), less severe (involving the 
neck only) or localised (involving only part of the head). These types could all be explained on the basis 
of blood supply. Those without displacement (fifteen) were treated conservatively, usually in a plaster 
spica, and the results weregoodinall. Whenthefracture was displaced manipulation and immobilisation 
in plaster gave bad results; manipulation and internal fixation gave good results in 50 per cent and 
bad results in 50 per cent, and primary osteotomy gave good results in 50 per cent and fair in 50 per 
cent. Although the numbers were too small to allow a dogmatic statement he thought this latter method 
held out considerable promise in children treated under the age of ten years. Mr F. C. Durbin (Exeter) 
said that in a smaller series he had found the results in undisplaced fractures much less satisfactory, 
with a high rate of avascular necrosis. 


A simple prognostic test after fracture of the femoral neck—Mr M. H. M. Harrison (Birmingham) 
described a method of determining avascularity of the femoral head after fracture of the neck. A 
specially designed needle was driven into the femoral head under radiographic control four weeks 
after the fracture. If blood could be aspirated it suggested that the blood supply was intact. Two 
cubic centimetres of an iodine-containing fluid was injected and if the veins were intact and were not 
thrombosed, radiographs would show that it flowed out into the venous system. Mr H. Osmond-Clarke 
(London) asked whether this procedure could be done at once. Four weeks was too late. Mr Harrison 
replied that time must be allowed for the veins to thrombose. ™ it was done early there might be 
many false readings. 


A study of bone growth in normal children and its relationship to skeletal maturation— Mr G. S. Tupman 
(Scarborough) had studied the growth pattern in 200 maturing children between the skeletal ages of 
seven and sixteen years. Each examination comprised measurement of the child’s total stature in 
centimetres and measurement of the femur and of the tibia by an accurate radiological technique. 
The rate of growth of the long bones of the legs was constant for each skeletal year, but growth of the 
trunk was irregular and appeared to be increased after the tenth year in girls and the eleventh year 
in boys. It was still not complete at the age of sixteen years in either sex. Comparison of these figures 
with those of Anderson and Green (1948, American Journal of Diseases of Children, 75, 279) for 
American children showed that the latter grew more quickly and on average were ultimately taller. His 
findings made it possible to calculate the amount of growth available from trunk or legs at any skeletal 
age. This might be of value in estimating the value of treatment for leg equalisation or scoliosis. 
Mr R. Roaf (Oswestry) said that different parts of the spine grew at different speeds, and there was 
no certainty that the concave side would grow at the predicted speed. 


Anterior spinal fusion for lumbar disc lesions—Dr Paul H. Harmon (San Francisco) (introduced by 
Mr K. H. Pridie) said he had for the past twelve years used an anterior extra-peritoneal approach 
for operations upon the lower lumbar intervertebral discs, and had experience of over 400 cases. 
He supported the view that the great majority of disc lesions should be treated by conservative means 
in the first place. The posterior fragmentary excision gave good results in 60 or 70 per cent, but in 


some patients instability of the spine persisted: this could be prevented by the anterior approach | 


with fusion. The risk of missing an intrathecal lesion or massive extension of a disc could be eliminated 
by myelography before operation. He described the use of flexion and extension films and of other 
methods to confirm the diagnosis and location of the disc lesion. The advantages of the anterior 
approach were non-interference with posterior spinal structures, a non-shocking operation with 
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minimal blood loss, early walking, good surgical exposure which allowed wide excision, good beds 
for the grafts, union in 98 per cent of cases. The period of post-operative disability for sedentary 
workers was three to six weeks, and for heavy workers four to six months; only 10 per cent of the 
patients had changed their work because of their backs. Relief of pain was swift and certain, though 
sometimes lumbago would persist until the fusion became strong, and there had been a total absence 
of neurological sequelae or ileus. Mr D. Freebody (London) described an operation in which he 
had done a wide excision of the fifth lumbar vertebra and first piece of the sacrum, and had introduced 
a massive iliac graft by the anterior approach transperitoneally, in thirty patients with spondylolisthesis. 


Thoraco-scapular arthrodesis— Mr R. C. Howard (Norwich) described a case of facio-thoraco-scapular 
dystrophy of unknown origin in a girl first seen at the age of ten. This produced an unsightly and 
disabling deformity in which when any attempt was made to raise the arm the scapula projected 
upwards. To control this he had devised a means of arthrodesing the scapula to the ribs. This was 
done by means of three tibial strut grafts from the scapula to the underlying ribs—usually the fourth, 
fifth and sixth, to which after suitable preparation of the surfaces they were screwed. The shoulder 
was immobilised in a plaster spica for three months. He had subsequently operated on the other 
shoulder of this patient and on two other shoulders. He presented a film showing the operative 
technique and the excellent results. 7 


A simple method of bone grafting for non-union and delayed union of fractures—Mr K. G. Kling (Leeds) 
-eviewed twenty-five bone grafts in twenty-three patients—thirteen tibial, ten femoral and two humeral. 
The method used was to leave the fibrous union intact unless an intramedullary nail had been used. 
The periosteum was raised from all surfaces and ribbon grafts seven centimetres long and two or 
three millimetres thick taken from the full thickness of the iliac crest were applied all round the fracture 
in the manner of barrel staves. Union was earlier than by orthodox methods of grafting and there was 
a high rate of successful union. Mr J. N. Wilson (London) said that when using this method he had 
found it unnecessary to remove nails or plates. He had found cancellous strips better than ones 
taken from the tibia. Mr H. Osmond-Clarke (London) supported the method. He had used none 
other since he was taught it originally by Elmslie in the late ’twenties. 


Exposure of the shoulder joint through the axilla and its use in recurrent dislocation—Mr G. Parker 
(Middlesbrough) said that the standard anterior approach to the shoulder had the great disadvantage 
of leaving a scar which was unsightly in women. Because of this he had devised an approach to the 
shoulder through the axilla. A bayonet incision extended along the posterior border of the axilla, 
across the axilla and ended along its anterior border. The long head of triceps was followed to its 
origin and the gap between it and teres major developed. The subscapularis was exposed, raised from 
the scapula and retracted, revealing the inferior and antero-inferior aspects of the joint. This allowed 
sufficient room to perform a bone-block operation for recurrent dislocation, but not for the Bankart 
or Putti-Platt procedure. Replying to a question by Mr P. H. Newman (London), he said that he 
would not advocate the routine use of this approach in men but it could be used as an alternative. 


During this session Robert Jones medals and prizes were presented by Mr H. J. Seddon, President, 
to Dr M. Makin and to Mr G. S. Tupman. 


Clinical Meeting 


During the meeting a clinical programme was provided in the Martin Wing of the General Infirmary 
at Leeds, where patients and case histories were shown, provided by surgeons not only from Leeds 
but also from the surrounding towns. This covered almost all aspects of orthopaedic surgery, and a 
special section on the literature of amputations, collected from various parts of the world, was displayed 
by Mr Norman Capener (Exeter). 

One of the features of this clinical demonstration was the number of tendon transplants that 
had been done for a great variety of conditions, including pectoral transplants for paralysis of the 
biceps, multiple tendon transplants to correct calcaneo-cavus deformity, iliopsoas transplants for 
paralysis about the hip associated with both spina bifida and poliomyelitis, and many different 
transplants for the correction of deformities of the feet. 

Another interesting exhibit was the Leeds modification of the Milwaukee brace for the correction 
of scoliosis. This brace combined the longitudinal extension of the Milwaukee with lateral flexion, 
made possible by anterior and posterior hinges, and patients were shown in whom bone grafts had 
been placed along the spine first, and the correction had taken place gradually afterwards while the 
grafts were undergoing consolidation. 

Another section showed experimental studies involving the transplant of bone and showing the 
development of antibodies in response to the implantation of heterogenous bone. 
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Presentation of Portrait 


On the evening of October 27 a small ceremony was held to present to Sir Harry Platt his portrai: 
which had been subscribed for by Fellows, Members and Associates of the British Orthopaedic 
Association and painted by Sir William Hutchison, R.S.A., Hon. R.A., LL.D. The President, Mr H. J 
Seddon, said that it was a tribute of affection to an elder statesman of the Association. He recalled tha: 
Mr Norman Capener had had the idea of presenting the portrait to Sir Harry, who was the first Fellow 
of the Association to become President of the Royal College of Surgeons of England. Mr St J. D. Buxtor 
said that when universities presented gifts or honours they did so with pageantry according to thei: 
traditions. The British Orthopaedic Association also had its traditions. Sir Harry had been presen: 
at the birth of the Association, and Sir Robert Jones would have been very proud to have been present 
at this ceremony. He paid a tribute to Sir Harry’s period in office as P.R.C.S., the duties of which h« 
had carried out with great dignity. He then unveiled the portrait. 

_ Sir Harry Platt said that this was a very moving occasion and was also the forty-fourth anniversary 
of his wedding. The British Orthopaedic Association had done him a great honour first in asking hir 
to give the Founders’ Lecture in 1958 and now in the presentation of this portrait, which would make 
it possible for his image to hang in the Royal College of Surgeons. He hoped it might be near that 
of Sir Robert Jones. 

Tributes were paid to Sir Harry by Mr H. Osmond-Clarke and Professor Bryan McFarland. 


ELECTION OF FELLOWS, MEMBERS AND ASSOCIATES 
At a meeting on October 26, 1960, the following were elected: 


Fellows—H. G. A. Almond (Liverpool), C. A. Bathfield (Mauritius), Bruce Hay (Hamilton, New 
Zealand), A. R. Hodgson (Hong Kong), E. H. Jebens (London), C. D. Langton (Sydney), W. J. B. 
McFarland (Auckland), W. Parke (Gisborne, New Zealand), W. I. Paterson (Kirkcaldy), J. N. Wilson 
(Stanmore). 


Members—M. A. Abdallah (Cairo), K. L. Barnes (Wigan), W. J. Betts (Adelaide), P.G. Brady (Dublin), 
J. D. Cronin (London), W. G. Doig (Melbourne), R. Esteve (Barcelona), M. A. Goodwin (Darlington), 
D. R. Gunn (Singapore), A. D. Le Vay (London), E. A. Penrhyn Lowe (Enschede, Holland), A. B. 
Morrison (Nottingham), M. Ranga Reddy (Hyderabad), E. H. J. Smyth (Isle of Wight), G. S. Tupman 
(Scarborough), J. White (Glasgow), H. W. Wouters (Utrecht). 


Associates—N. D. Aggarwal (Liverpool), A. W. Beasley (Wellington, New Zealand), P. C. Cashmore 
(Burton-on-Trent), Delia M. Cothay (Alton), J. M. C. Gibson (Edinburgh), J. W. Goodfellow 
(Oxford), D. J. C. Graff (Stoke-on-Trent), C. R. Griffin (R.A.F.), A. C. Hume (Cambridge), S. J. 
Kumbhani (London), Ian H. Leitch (Germiston, South Africa), A. Manzoni (London), F. J. Moynihan 
(London), J. R. Pearson (Manchester), H. Piggott (London), D. M. Riddell (London), G. C. Robin 
(Jerusalem), R. G. Smith (London), K. G. Westcombe (High Wycombe), Denis G. Wray (Manchester), 
P. M. Yeoman (London). 


EUROPEAN TRAVELLING SCHOLARSHIP, 1959 


Mr A. J. Spence, who was awarded a British Orthopaedic Association European Travelling 
Scholarship in 1959, spent three months visiting centres in Italy, France, Germany, Denmark and 
Holland. Mr Spence writes: 

The British Orthopaedic Association Travelling Scholarship enabled me to spend three months 
studying congenital dislocation of the hip, adult hip surgery and general orthopaedics at various 
centres in Europe. 

I went first to northern Italy, to Padua with its ancient university founded in 1222, and saw the 
anatomy theatre designed and taught in by Fabrizio di Acquapendente, Vesalius and Fallopia. At the 
new Civil Hospital I visited the orthopaedic unit of Professor C. Casuccio, containing wards of eight 
beds on five floors. In operations for disc prolapse only the prolapse was removed. Fractures of the 
tibia were treated on a Braun’s frame with skeletal traction for nine days until the swelling decreased, 
before internal or external fixation: if a third fragment was present and difficult to align a percutaneous 
pin incorporated in the plaster was used to control it. I was shown a girl of twelve with histologically 
proven Volkmann’s contracture of the extensor muscles of the forearm after an injury at the age of 
seventeen months. 
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My next visit was to Ferrara, where Professor M. Ortolani demonstrated his click of exit and 
atry on thirty patients with congenital dislocation of the hip. He sees 200 new cases of congenital 
islocation of the hip each year in the children’s hospital where there is accommodation for 250 
hildren and for an equal number of mothers in dormitories. When a congenital dislocation of the 
ip is first seen a cushion resembling a Frejka pillow splint is worn for four or five days before a 
irther examination; if the click persists for three weeks a Putti splint is used. The splint is worn 
ay and night at first then by night only and after three weeks it is replaced by the cushion. Professor 

‘)rtolani believes that untreated{dysplasia in children results in osteoarthritis in later life. He has 

‘ lected forty anatomical specimens from foetuses of five months’ development and from children 

\,0 to nine months of age who died in hospital, in all of whom a click had been elicited; these showed all 

. egrees of dysplasia but in none was a limbus present. 

From Ferrara I drove to Bologna and at the Istituto Rizzoli accompanied Professor R. Zanoli 
(na ward round and was shown the wonderful library with its painted roof, the refectory of the old 
1 onastery which now houses the hospital. Putti’s library and collection of ancient surgical instruments 
i: still being catalogued. The operative treatment of congenital dislocation of the hip comprised open 
r duction, rotation osteotomy, and occasionally acetabuloplasty; after osteotomy the fragments were 
s-cured by staples, the legs of which are serrated to increase their grip. 

At the Istituto Ortopedica Toscano, set on a hillside among olive groves overlooking the river 
Arno in Florence, all was activity with several teams performing as many as sixteen operations by 
lunch-time, on four days a week—a triumph of organisation. Each evening Professor O. Scaglietti 
with all the medical staff reviewed the radiographs taken that day and this was followed by a clinico- 
pathological conference. Many of the injuries arise from ski-ing accidents in the winter and from 
scooter accidents in the summer. In Florence there was much of interest, and Professor Scaglietti 
demonstrated a new technique to restore abduction after brachial plexus injuries. The insertion of 
latissimus dorsi was freed and attached to the lateral side of the bicipital groove to act as a lateral 
rotator; the long and lateral heads of the triceps were then freed and passed superficially to the latissimus 
dorsi before being attached to the acromion with the arm in lateral rotation and with the elbow 
extended. In rotation osteotomy of the femur Steinmann’s pins threaded at one end were used to 
secure the fragments and were removed after three or four weeks. No metal is used in arthrodesis 
and Professor Scaglietti never does an arthroplasty of the hip for osteoarthritis. I saw several bone 
tumours which had been diagnosed from punch biopsy. 

I went next to Lyon and visited the Hépital Edouard Herriot where I was the guest of Dr Albert 
Trillat. Dr Trillat showed me the working of his unit and explained his theories of the production of 
tears of the semilunar cartilages. He treats recurrent dislocation of the shoulder by partially dividing 
the coracoid process and securing it about half an inch in front of the glenoid by a stout pin which 
passes through the labrum and into the edge of the glenoid. In the treatment of congenital dislocation 
of the hip he performs open reduction if conservative measures fail but seldom does a rotation osteotomy. 
Professor J. Creyssel performed an open reduction of a spiral fracture of the tibia while it was under 
traction on a Braun’s frame and fixed the fragments by a screw and wires. After an arthrodesis of the 
knee fixation was secured by large staples and a long U-slab of plaster was applied from the groin 
to the greater trochanter, with circumferential wet gauze strips applied at intervals. For stiffness of 
the knee after fracture of the femoral shaft Professor Creyssel uses the Judet method of quadriceps 
release: through the first incision adhesions in the suprapatellar pouch are divided, and through a second 
incision the vastus lateralis and rectus muscles are mobilised from the femur. The knee is flexed 90-100 
degrees and immobilised in plaster in this position for nine days: thereafter vigorous movements are 
encouraged. Full extension is not achieved for eight to nine months. 

Professor M. Guilleminet, who combines paediatrics with orthopaedics, repaired a torn medial 
ligament of the knee by a strip of skin passed in figure-of-eight fashion through the tibial condyle 

arid the adductor magnus insertion after suturing the semitendinosus tendon to the sartorius. Active 
\movements were begun after a month in plaster. For transverse forearm fractures Dr A. Trillat inserts 
a “* plate coapteur ”’ devised by Danis of Brussels to apply a compression force. A fractured tibia 
tr:ated by screwing or plating is immobilised in plaster for four weeks, and then mobilised for four 
w.eks; thereafter a walking plaster is applied. 

My next stop was in Paris where I had a delightfully furnished room on the top floor of Professor 
R Merle D’Aubigné’s new unit at the Hépital Cochin. There is a group of four operation theatres 
in a block, each with a cupola where students have an excellent view of the operation and can hear 
a :ommentary by the surgeon, relayed to the gallery. His ward rounds and out-patient clinics were 
p: rticularly interesting because of his excellent command of English. In the treatment of osteoarthritis 
I saw cup arthroplasties, McMurray osteotomies, Pauwels osteotomies, Girdlestone and Milch 
0) erations. Professor Merle D’Aubigné said that he understood we had no problem in Britain in the 
tr atment of osteoarthritis because “‘ McMurray’s osteotomy cures everything.” I saw much accident 
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work there—many fractured tibiae and fractures about the ankle. I was able to attend a conferen: > 
on giant-cell tumours of bone: of seventeen that were presented sixteen were metaphysio-epiphysi | 
in the long bones; twelve had occurred about the knee. Professor Merle D’Aubigné believes th t 
recurrence is an indication for resection and performs an arthrodesis of the knee with a very lor z 
intramedullary nail and massive grafts. Dr Triffault of Marseilles showed radiographs of a patient wi 1 
a recurrent tumour at the upper end of the fibula with a large hot swelling. Amputation was advis: i 
but refused, and then spontaneous calcification and recovery took place: he had remained we | 
for four years. Dr R. Tubiana showed me the new burns unit, soon to be opened under his car .. 
Visitors will not enter the unit but will converse with patients by microphone, with a glass partitic o 
interposed. 

Dr P. Petit, at the H6pital St Vincent de Paul, is a paediatric surgeon who treats many congenit |! 
dislocations of the hip. Reduction is by traction on a frame, with open reduction if conservati e 
treatment fails. He favours a wide opening of the capsule to allow thorough inspection of t! e 
acetabulum, believing that an inturned limbus is but one of the barriers to reduction. He perforr s 
a rotation osteotomy in many but seldom an acetabuloplasty. Traction for six to eight weeks, wi 1 
medial rotation of the thighs, is followed by Batchelor plasters or open reduction, but always aft r 
an arthrograph injected through the perineum. Since adopting this regime he seldom sees osteochondrit: ;, 
but if it occurs he advises rest in bed for up to eight months. Rotation osteotomy is stabilised by a 
plate and screws, and he attempts reduction by closed or open methods in arthrogryposis. 

I saw twenty patients with congenital dislocation of the hip under the care of Dr P. Bertrard 
at the Hépital des Enfants Malades. They were treated at first by traction for one month. Thereafte -, 
arthrographs are obtained, and if there is doubt about the result he does an open reduction. Colonna s 
operation is performed from the age of three, and I saw several patients with excellent movemen'; 
if there is difficulty in getting the head down the femur is shortened in the subtrochanteric 
region. 

In Paris I also met the stimulating Judet brothers. I went on ward rounds with Dr Jean Judet, 
attended his out-patient clinics, saw him operating in hospital and in private, and had an interesting 
discussion about the use of skin to lengthen tendons that have been transplanted: skin was used 
because of its high tensile strength. At the Hépital Raymond, Poincaré, near St Cloud, I saw patients 
under the care of Dr Robert Judet for ununited fractures, many of which were septic when sent to 
him. These were treated by immobilisation by large Steinmann’s pins (up to six) extending through 
the skin with elastic compression for up to nine months. The pins appeared to cause little reaction; 
fractures healed and raw bone became covered by granulations. Dr Judet used stored skin to repair 
collateral ligaments at the knee and ankle and to fill old osteomyelitic cavities. 

From Paris I went to Aachen where Professor F. Pauwels explained his theories about the relief 
of pain after his femoral osteotomy, and I was privileged to assist him at four such operations for 
osteoarthritis of the hip and see at close hand his dexterity and speed. Radiographs brought for 
inspection in forty-five seconds meant that little time was wasted during the operation. He kindly 
spent an evening showing me radiographs of some of the 220 osteotomies he has done in adults for 
osteoarthritis of the hip since 1931. His ingenuity has not been confined to the hip, and he has 
described operations for the resection of areas of osteitis fibrosa cystica in the humeral metaphysis 
and replacement by a graft within the periosteal tube. 

At the University Clinic in Hamburg Dr J. Harff told me that they did neither arthroplasty nor 
Pauwels’ osteotomy for osteoarthritis of the hip, but preferred arthrodesis performed without dislocation 
of the hip by placing grafts across the joint. In Hamburg I also visited the Hafenkrankenhaus: 
Professor G. Kiintscher was away but his first assistant demonstrated intramedullary nailing on a 
recent fracture of both forearm bones. After passing a long guide wire under radiographic contro! 
(with image intensifier) he reamed the medullary cavities with cannulated drills; the radius and ulna 
were stabilised by Kiintscher nails if over 6-5 millimetres in diameter or by V-nails if less than this. 
Many radiographs were available showing pseudarthroses successfully treated by Kiintscher nails; 
a patient with spondylolisthesis had a suitably curved specially designed nail passing through the 
fifth lumbar vertebra into the sacrum. For femoral neck fractures a nail is inserted low in the 
shaft and as it is driven in it is deflected by the calcar into the centre of the head, without guide 
wires. 
\ I went next to Copenhagen and it was a pleasure to renew my acquaintance with Dr Johann ; 
Mortens, at whose home I met Dr E. H. Larsen and Dr Bang Rasmussen, the plastic surgeon. I was | 
guest in the Orthopaedic Hospital, and at St Joseph’s Hospital where I was able to assist Dr Morter ; 
at operations and to discuss with him Hohmann’s operation for hallux valgus which he does in patien | 
up to the age of fifty, though if the first metatarsal is short he prefers the McBride operation. Fc 
patients over fifty he advises excision of the exostosis with transplantation of the abductor halluc . 
to the dorso-medial part of the proximal phalanx. 
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Dr Mortens has a special interest in the surgery of cerebral palsy, and I spent an interesting 
afternoon with him at the residential school at Geelsguard, near Copenhagen, where there is accom- 
modation for 150 children up to the age of eighteen years—110 boarders and forty day pupils. 
Dr Mortens considers that surgery can help these children but that careful assessment is essential at 
each stage. Valuable measures include adductor tenotomy, Grice’s operation between five and nine 
years with triple arthrodesis later, and if necessary a rotation osteotomy of the femur. Fixed flexion 
of the knee is treated by Eggers’ operation and posterior capsulotomy, and if the patella is high the 
patellar tendon is transplanted distally. 

Professor A. Bertelsen, Dr Larsen and Dr Mortens treat congenital dislocation of the hip by 
traction and then plaster, with open reduction if conservative treatment has failed. Rotation osteotomy 
is being done more frequently and acetabuloplasty is used when indicated. 

Dr Bang Rasmussen demonstrated the raising of a tube pedicle four inches by ten inches based 
on the inferior epigastric artery: the proximal end of the tube was attached immediately to a hand 
with much skin loss and could be rotated through 90 degrees without prejudicing the blood supply. 
No Thiersch grafts were used, the donor site being closed by suture. 

At Nijmegen I was a guest at the home of Dr G. F. J. M. Bar who showed me the well designed and 
equipped Hospital of which he has been the Director for twenty-five years. The wards are bright and 
incorporate many novel ideas: several wards have roofs which slide horizontally to open, operated 
by electric motor. There are 220 surgical beds with, in addition, 100 beds for patients with rheumatoid 
arthritis under the care of a physician. Recently built is a school with accommodation for 190 pupils 
which provides normal tuition as well as business and domestic courses. The operation theatres 
are large and well equipped. 

Dr Bar spent much time explaining his ideas on the shelf operation for osteoarthritis of the 
hip, illustrating various points by means of coloured slides. He has performed 114 of these operations 
with improvement in over 80 per cent. In young children with resistant club feet and a high heel 
he elongates the tendo calcaneus and divides the posterior capsule of the ankle and then applies a 
one-pound weight to a Kirschner wire in the calcaneum. 

Next I visited Utrecht and stayed with Dr and Mrs H. W. Wouters. Dr Wouters had reviewed 
fifty traumatic dislocations of the hip and found a fracture of part of the femoral head in six: some 
had united, but two patients had developed avascular necrosis of the head. He thought that if a bilateral 
congenital dislocation of the hip was seen late in a boy it was better to do nothing. I saw also photographs 
and radiographs of his patient with a reticulum-cell sarcoma of the femur, in whom the femur was 
excised and the lower tibia and fibula, turned end for end, was used to carry a Judet-type plastic head. 

My last visit was to the Anna-Kliniek in Leiden, the private clinic built by Murk Jansen thirty 
years ago and ably directed by Dr J. D. Mulder whose guest I was. He has an excellent collection 
of colour transparencies of operative procedures, and two of these operations were of particular 
interest. In non-union of the scaphoid bone he approaches the bone from the front, the incision 
lying lateral and parallel to the tendon of flexor carpi radialis. The scaphoid bone is curetted to 
leave only a shell and is packed with cancellous bone from the ilium. This approach is easy and 
quick and would be the method of choice for excision of a part or whole of the scaphoid. Fora painful 
amputation stump neuroma he dissects it free and embeds it in the medullary cavity of the appropriate 
bone. 

During my tour I saw much that was of interest and was greatly stimulated by the different 
approaches to familiar problems. I was received everywhere with great kindness and I should like 
to thank my many hosts for the time and trouble they took in allowing me to visit their units at work. 
| was impressed by the strenuous attempts being made to improve the results in the treatment of 
congenital dislocation of the hip and to provide a stable painless and mobile hip in osteoarthritis. 

For this opportunity I would like to thank the British Orthopaedic Association. 


UNIVERSITY OF LIVERPOOL 


DEGREE OF M.Ch.Orth. 

The following candidates were successful in gaining this degree in 1960: N. D. Aggarwal (Patiala, 
'ndia), J. G. Allman (Sydney, Australia), D. M. Amerasinghe (Colombo, Ceylon), A. M. Ansari 
Karachi, India), F. J. Harvey (Sydney, Australia), C. Malkin (Johannesburg, South Africa), J. G. 
sallis (Port Elizabeth, South Africa), F. F. Silk (Liverpool, England), and H. C. van der Post (Port 
‘lizabeth, South Africa). 

The Gold Medal in Orthopaedic Surgery was awarded to Mr H. C. van der Post. The external 
xaminers were Mr F. W. Holdsworth of Sheffield and Professor Roland Barnes of Edinburgh. The 
nternal examiners were Professor Bryan McFarland, Mr Eric Wardle, Mr Norman Roberts and 
Ar Goronwy Thomas. 
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UNIVERSITY OF OXFORD 


NUFFIELD ORTHOPAEDIC CENTRE 


Lectures delivered during the Hilary term included: “ Injuries to the spine,” by Mr F. W. 
Holdsworth; ** Studies on chondrogenesis,” by Dr W. M. Rigal; and “‘ The place of orthopaedic 
surgery in cerebral palsy,’ by Mr W. J. W. Sharrard. 

The remaining lecture in this series is on “* The anatomy of tarsal movements and its application 
in club foot,” by Mr E. Shephard (March 9 at 8.30 p.m.). 


SCIENTIFIC SOCIETIES AND REGIONAL ORTHOPAEDIC CLUBS 


THE BONE AND TOOTH SOCIETY 


A meeting of the Bone and Tooth Society was held at the Institute of Orthopaedics, Roya! 
National Orthopaedic Hospital, London, on September 12, 1960. 


Tritiated thymidine in studies of chondrogenesis— Dr W. M. Rigal (Oxford) had observed the patterr 
of cell division in post-foetal cartilage in vitro by adding tritiated thymidine to the culture medium 
A simple method of in vitro culture of post-foetal cartilage has Trowell Type 2 culture chambers. 
The pattern was identical with that in parallel experiments in vivo, and the method produced much 
better autographs at a fraction of the cost. A corresponding picture was obtained from metaphas« 
arrest produced by colchicine. In cartilage of the growth apparatus at the end of long bones it was 
found that : 1) articular cartilage proliferation occurs in a single band across the tissue; 2) where the 
anlage cartilage still persists round the incompletely formed secondary bone nucleus a separate band 
of generative cells exists; this suggests early differentiation of the articular cartilage from anlage 
cartilage; 3) the germinal zone of the epiphysial growth cartilage is a stem cell area; in the rabbit it 
exhibits fairly high and in the rat very low generative activity; 4) the individual column in the 
proliferative zone acts as a synchronous unit; 5) endochondral proliferation is responsible for the 
increasing diameter of the epiphysial growth cartilage; that the perichondral ring acts only as a 
supporting corset was confirmed by in vivo culture in Duthie chambers. 


Experiments on the action of vitamin A on the ground substance of cartilage and bone in culture— 


Dr Honor B. Fell (Cambridge) said that, both in organ culture (Fell and Thomas, 1960, Journal of 


Experimental Medicine, 111, 719) and in young rabbits (Thomas, McClusky, Potter and Weissmann, 
1960, Journal of Experimental Medicine, 111, 705), treatment with either papain protease (PP) or 
vitamin A (A) removed the metachromatic material from cartilage matrix and greatly reduced the 
size of the intercellular partitions; together the two agents had a striking additive effect. Foetal 
mouse bone, however, appeared unaffected by PP but rapidly disintegrated in‘ response to A. The 
working hypothesis was suggested “ that vitamin A may enhance the activity of a number of cellular 
enzymes, one of which resembles papain in its effect”’ (Fell and Thomas, 1960, Joc. cit.). In 
collaboration with J. T. Dingle and J. A. Lucy, biochemical experiments were made to test this 
hypothesis. Analysis of cartilaginous long-bone rudiments (chick) grown in A medium showed that 
the wet and dry weights and amino-sugar content were half those of controls in normal medium: 
deoxyribonucleic acid phosphorus was 80 per cent but ribonucleic acid phosphorus only 40 per cent 
of the control levels. Thus the vitamin had changed the composition of both the matrix and the 
chondrocytes. The proteolytic action of the A-treated rudiments on the culture medium was twice that 
of the controls. In metabolic experiments, A was found to depress oxygen uptake but increase glycolysis. 
Dingle had pointed out that all these effects could be explained on the assumption that the vitamin affects 
the permeability of the lysosomes and mitochondria, thus liberating hydrolytic and other enzymes. 
Further investigation of this possibility showed that normal embryonic limb cartilage contains an 
enzyme system or systems capable of giving the ‘* A-effect *’ on the matrix, and causing loss of 
amino-sugars and metachromatic material; this action was strongly pH-dependent with an optimum 
of pH 3-5. Dingle had also shown that rat liver lysosomes prepared by De Duve’s method, when 
suspended in isotonic sucrose and exposed to vitamin A, released a protease with a pH optimum of 3-0. 
Although these results supported the hypothesis mentioned, more work was needed before a final 
conclusion could be reached. 

Some factors affecting bone resorption in tissue culture—Dr P. Goldhaber (Boston, Massachusetts) 
said that bone resorption might be induced within one- to three-day-old mouse calvaria grown in 
stationary Leighton tubes by introducing high concentrations of oxygen into the gas phase. By varying 
the oxygen concentration of the gas mixture from 0 to 100 per cent it had been possible to demonstrate 
a direct correlation of oxygen concentration and extent of bone resorption. Lower oxygen concentrations 
were effective in roller-tubes. Time-lapse microcinematography studies revealed that both macrophages 
and osteoclasts participated actively in the resorptive process. The streaming of intracellular vacuoles 
from the periphery of the osteoclast inward as well as the development of larger vacuoles adjacent 


THE JOURNAL OF BONE AND JOINT SURGERY 


180 


PROCEEDINGS AND REPORTS OF COUNCILS AND ASSOCIATIONS 181 


o the résorbing bone surface suggested a two-way flow of materials. Cultivation of the bone with 
ragments of a transplantable mouse fibrosarcoma or the addition of parathyroid extract (Lilly) to 
he culture medium (0-5 ug/millilitre) increased the bone absorption: the addition of 2, 4 dinitrophenol 
nhibited it, emphasising the high energy requirements for bone resorption. Sodium malonate had 
. similar effect, presumably by inhibiting the activity df succinic dehydrogenase found to be most 
‘rominent in osteoclasts. Contrary to current concepts, these findings suggested the importance of an 
ntaét Krebs cycle for bone resorption. 


he development of teeth in a chemically defined medium—Dr Shirley Hughes (Cambridge) had 
ultivated tooth germs on a chemically defined medium comprising a complex mixture of organic 
ubstances including amino acids, intermediate metabolites, co-enzymes and energy sources in a 
hysiological saline solution. Odontoblasts and a layer of dentine formed. The medium having proved 
uitable for the development of tooth germs, it was hoped that alterations in the known medium 
sould promote the formation of enamel as regularly as dentine. 


he development of the jaws and the temporo-mandibular region in tissue culture—Dr Shirley Hughes 
Cambridge) had cultivated pieces of upper and lower jaws of thirteen- to fourteen-day mouse embryos 
1 embryo extract and fowl plasma. At this stage of development Meckel’s cartilage was only a 
ondensation of mesenchyme and the tooth germs were no more than a thickening of the mouth 
-pithelium. During cultivation, teeth were formed with a thick layer of dentine, Meckel’s cartilage 
developed and grew in length and some bone was formed round it; malleus and incus also differentiated. 
At this stage in the work it was difficult to say whether the temporo-mandibular joint formed. 


ACCIDENT MANAGEMENT AND GENERAL PRACTICE 


A symposium was held in Bitmingham on September 24-25, 1960, to discuss the problems of 
accident management and general practice. 


The Accident Problem 


The general practitioner—Dr R. M. McGregor (Hawick) presented the general practitioner’s view 
of the problem. In addition to the well recognised hazards that beset inexperienced youth and tottery 
old age he had been impressed by the dangers of unaccustomed activity, especially in later life, and 
of physical handicaps—also nervousness—at all ages. 


The hospital—Mr William Gissane (Birmingham) spoke of the hospital’s outlook and regarded the 
present toll of accidents as a major epidemic, largely man-made, world-wide and continuous. He 
advocated a preventive attack on the “* disease’ and emphasised the need to arrange that injured 
persons should receive skilled attention as soon as possible. This meant large teams of clinicians, 
technicians and others always available in suitably equipped hospitals throughout the land. Dr W. N. 
Leak (Winsford) said he had known an epidemic to stimulate a government to grant almost unlimited 
facilities to medical agents but doubted whether Mr Gissane’s epidemic would succeed in this. 
Mr J. C. Scott (Oxford) regarded the accident problem as the concern of all doctors and, no less, of 
the public, who were not sufficiently moved by the perils to feel generally disposed to prevent them. 
Further discussion covered the training of casualty officers, safety equipment in cars, the devil 
that enters people as they enter cars to drive them, and the general practitioner’s opportunity to 
point out hazards in the home. Dr J. Fry (Beckenham) reviewed the shortcomings of casualty 
departments and their ill-defined, numerous and often incompatible roles as the common entrance 
and sorting place of the hospital. Nursing staff was good; accommodation and equipment were 
usually poor. About two-thirds of those attending casualty departments could have been dealt with 
adequately by their general practitioner. He advocated careful appraisal of the proper places of the 
general practitioner and of the casualty department in the differing needs of different communities. 
The administrator—Dr K. R. D. Porter (Birmingham) approached the integration of hospital and 
nractice work from the medical administrator's point of view and outlined the plans for the four and 
‘hree-quarter million people in the Birmingham region, which included rural and suburban activities 
is well as the better known industrial. He also suggested a need for making possible a career in the 
‘eorganised, larger casualty departments so that juniors would be able at all times to call immediately 
ipon a consultant with a close interest in casualty problems. Facilities would vary according to the 
ize of the community but would not necessarily be provided in all the hospitals in the regions, as 
it present. 
*ractice in Russia—Dr J. Hunt (London) described a recent tour of Russia. Great stress had been 
aid on early care, provided by medical teams that answered calls to homes nearby or villages far 
way, often by aircraft. First aid was fostered and was well supported by employed people. The 
vorking day was now limited to six and a half hours, and the doctor-patient ratio was much higher 
han in England. He had been struck by the degree of standardisation in medical practice and thought. 
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Discussion—Dr R. Cove-Smith (London) underlined the general practitioner’s opportunities for 
preventive measures among his patients and for first aid more widely. Other speakers gave considerable 
support for general practitioners’ participating in the hospital care of the injured. In rural districts 
there was no alternative; in the larger centres interest should be encouraged, especially as most general 
practitioners had seen more injuries than young casualty officers. There was also the likelihood that 
the supply of casualty officers from abroad might dwindle. 

Summing up, the Chairman, Mr Norman Capener (Exeter), mentioned the need for preventing 
accidents and indicated lines of approach. He favoured taking the service to the patient, especially 


if seriously injured, and called for team-work between the specialists, under the guidance of an 


** inspectorate of accident services.” 


Major Injuries 


First aid and primary care—Dr W. N. Leak (Winsford) stressed the need to save life by attending 
to breathing and bleeding first. Wounds should be covered, injured limbs comfortably supported and 
the patient disturbed as little as possible. Formal splintage was not necessary if the patient could 
soon be in hospital. He urged restraint in the use of morphia. With large scale accidents he favoured 


medical direction by someone with local knowledge rather than by an eminent stranger from a hospital. 
-He drew attention to the risks run by doctors engaged in such disasters. 


Dr A. J. Laidlaw (Worcester) largely agreed with Dr Leak’s recommendations but Mr H. Proctor 
(Birmingham) differed from him in condemning the tourniquet. He also showed examples of bad 
first aid—in hospitals—and appealed for larger dressings than were generally available. The ** large ™ 
dressing of most kits was but a few inches square; only the Army had produced a dressing suitable 
for the larger, but still not the largest, burns and wounds. 

It was agreed that the distinction between serious and mild injuries was not always easily made 
at the roadside and if, as had been advocated, a patient’s destination was to be based upon the severity 
of his injuries, the most practicable solution in most cases was to regard any ambulance case as 
serious. 


Resuscitation and repair of tissues—Mr P. S. London (Birmingham) dealt with recent advances in 
resuscitation and the treatment of injured tissues. Apart from shock due to internal or external 
bleeding and treatable by blood transfusion, there was the shock associated with severe injuries of 
the chest. Stabilising the chest wall, re-expanding the lungs and clearing the airway were the foundations 
of successful treatment. Surgical repair of injured tissues was equally applicable to fresh wounds— 
often after radiography and exploration—closed injuries and septic wounds, in which case the carefully 
judged use of antibiotics was an essential adjunct. 


Rehabilitation—Mr L. W. Plewes (Luton) approached rehabilitation from the point of view that 
regards suitably adapted work as the best treatment, and illustrated the ways in which this could be 
made available through the cooperation of the Disablement Resettlement Officer, almoner and 
employers with the doctor and his patient. Dr R. F. L. Logan (Manchester) considered it from the 
point of view of resettlement and emphasised that in industrial communities most people’s social 
and recreational activities depended on their remaining at work and earning. He appealed to doctors 
not to “* desocialise *’ a workman by taking him away from his job if this could be avoided, and 
urged ready resort to the Disablement Resettlement Officer and his allies. The doctor should remain 
in the resettlement team and not leave it to others. 

Dr F. V. A. Bosc (Birmingham) quoted his experience as a general practitioner that most of his 
patients did not need rehabilitation after injury, but he was disturbed by the failure of some hospitals 
to help to provide it when it was needed. He proposed temporary registration for prolonged but 
remediable disablement. He also pointed out that Disablement Resettlement Officers did not deal with 
housewives and children. 

Dr S. Sevitt (Birmingham), as a pathologist, allowed himself a detached view of after-care. This 
sometimes meant continuing medical or other treatment that had been started in hospital as well as 
providing nursing, physiotherapy and other care in the home. He advocated health centres in which 
teams of general practitioners could do much to carry out all stages in the treatment of their own 
patients. Mr W. D. Coltart (London) commended three rules: If the general practitioner finds a 
patient discharged without adequate information he should approach the consultant. The term 
“ light work ” is forbidden. No patient should be finally discharged from hospital until he has been 
at work for at least a month. : 

Summing up, the Chairman, Dr G. F. Abercrombie (London) emphasised that many injuries 
were genuine emergencies and suggested that if a tourniquet was considered necessary it should be 
used only by a doctor. He suggested also that a distinction be drawn between a disability anc 


disablement. 
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Minor Injuries 


‘ onditions in Northern Scotland—Dr R. S. C. Fergusson (Lochinver) described his experiences as 
; single-handed practitioner in north-west Scotland; the nearest doctor was over twenty miles away, 
i.e ambulance about fifty miles and the nearest hospital sixty-six miles. Canvas and reinforced 
: retchers of the Robertson type, adjustable Thomas’s splints, oxygen, plasma, surgical kit and 
; saesthetics were required for road accidents (mainly in summer) and mountain accidents. A nurse, 
t .e police and the man from the garage made up his emergency team, which might have to be guided 
i search by crofters and shepherds. He used chloroform a good deal, also ethyl chloride followed 
| » trilene, and while admitting the wide applicability of local anaesthesia he criticised the careless 
; 1d ineffectual way in which it was often used. In some ways he deplored the provision of radiography, 
{ or he now felt obliged to send to hospital patients with fractures that he had previously managed 
s iccessfully on the spot. It was important to teach the inhabitants of remote areas how to report 
« cidents, giving the site, number of victims and general nature of their injuries. Resuscitation (and 
| inor Operating) was best carried out in the surgery, and was often essential to enable a patient to 
s and the long journey to hospital. In his area helicopters were available but the bad weather might 
, ake them unusable. He appealed for an appreciation by holidaymakers of the conditions in the 
l-ighlands. Roads were narrow and life valued as well as lived at a comfortable pace. Any form of 
np ountaineering was dangerous without the advice and often the guidance of those with knowledge 
© the locality and its treacherous climate. 


Anaesthesia and analgesia— Dr D. Bigley (Birmingham) commended the importance accorded to the 
aaesthetist in the care of the injured. He deplored the lack of teaching in the use of ** rag and bottle ” 
anaesthesia which in some circumstances was the only practicable method. He did not consider 
that there was a best choice, and favoured the use of what the person concerned was most familiar 
with. The safe limits of dosage of analgesic drugs and injections must be known. So-called sensitivity 
was most likely to be due to overdosage. Morphine was a valuable drug but too often given 
unnecessarily—without pain or the prospect of pain—in too large a dose and by the wrong route, 
namely subcutaneous injection. Allowance must be made for the age of the patient. Vomiting was 
the main cause of death during anaesthesia, and the prone position was the safest for the airway. 

Mr T. G. Lowden (Sunderland) wondered whether enough attention had been paid to the important 
details of how to treat a simple cut finger or mild superficial sepsis. Had not organisation received 
disproportionate attention? Were the small points beyond dispute? Dr A. A. White (Birmingham) 
had found in his factory that 17,000 employees suffered an average of two or three injuries—often 
trivial—each a year. Elsewhere, a survey of first-aid equipment and staff had shown that the stipulations 
of Factory Acts had been gravely neglected or frankly ignored. 

In further discussion, surgery was accorded priority over antibiotics in preventing infection. 
Cleansing and cover were also important. The dilemma of the general practitioner who would do 
minor surgery but who had a hospital very near was touched on. The need for widespread active 
immunisation against tetanus was acknowledged, but the difficulties of completing the course and of 
knowing who had had what were recognised. Any drug given in an emergency should be clearly 
recorded on labels on the patient. For injured patients who had to face a long ambulance journey, 
intramuscular morphine had an advantage over intravenous injection because its effect was more 
prolonged. Chloroform had its staunch advocates but was nevertheless associated with more deaths 
than any other volatile anaesthetic agent: coroners often knew this and were critical. 


j Burns 


Treatment in hospital— Dr J. Bull (Birmingham) dealt with burns from the hospital’s point of view. 
Admission was necessary when the burn was large enough to cause shock or when its site made nursing 
at home impossible. Admission was also desirable in the case of small deep burns for which immediate 
excision and grafting gave the best results. Treatment of shock was based upon restoring the blood 
-olume; plasma was most used but Dextran had a place and blood was often required with large 
ourns. No method of exposure, dressing or using antibiotics could be relied upon to prevent infection. 
Most fatal burns occurred in the home from open fires and inflammable clothing. Flame-proofed 
naterials were available but were not popular: many avoidable deaths were not avoided. 

Dr J. W. Hannay (Wimborne) made a plea for nursing children at home whenever possible. 
te avoided anything greasy as a first-aid dressing but favoured cloths wrung out in sodium bicarbonate 
olution. Mr J. S. Cason (Birmingham) admitted that the standards of treatment and success had been 
reatly improved but that this had not been so in all places. 

Summing up, the chairman, Mr William Gissane (Birmingham), expressed his own thanks to 
hose whose attendance from far and wide and whose experience in many fields had extended his 
utlook. He hoped that this would not be the last meeting of this type. 
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SOUTH-EAST METROPOLITAN REGIONAL ORTHOPAEDIC CLUB 


A meeting was held on March 26, 1960, at the Cambridge Military Hospital, Aldershot, wher | 
a demonstration was given of the equipment and personnel of a Parachute Surgical Team and th 
central sterilising service was seen and discussed. 


The surgical team—Major R. H. Freeman opened the proceedings by outlining the development c 
the surgical team since the war and showed that although the basic problems and limiting facto 
influencing the work of such a unit remained the same, there had been considerable advances i 
equipment and methods of packing. Particular items which attracted attention in the demonstratio 
were the suction apparatus, operation packs and various forms of plastic containers now in use. 


Central sterilisation organisation—Lieutenant-Colonel J. M. Matheson described the centr: . 
sterilising organisation and showed the department. The service started as a central syringe servic : 
but had expanded so that several hospitals in the area and some troopships were served with a variet 
of items from complete operation packs to fluids for infusion. Many technical problems had bee . 
encountered—such as the method of cleaning syringes, and the type of cardboard required for packing . 
Drums had been entirely replaced by packs and boxes. Extensive investigations with dry sterilisatio : 
and various modifications of the steam autoclave were being done. The efficiency of the servic: 
depended to a large extent on the personal ability of individuals carrying out the various processe: , 
and methods of eliminating the human element had been studied in order to make the managemer : 
of autoclaves and other apparatus as foolproof as possible. 


Missile wounds—Lieutenant-Colonel J. C. Watts gave a short account of his experience of 750 patient; 
with missile wounds treated in Cyprus. He reminded his audience that high velocity missile injuries 
might have a small exit wound as well as a small entry wound but that the intervening soft-tissue damag: 
was very extensive. In spite of the advances in antibiotic treatment there was still little place for 
primary closure of muscle wounds, and delayed primary suture and grafting remained the methods of 
choice. With regard to grafting procedures, exposure under a Kramer-wire shield had been very 
successful. 

In the discussion which followed it was agreed that there was a place for primary closure of 
ordinary civilian injuries, in which penetrating injuries were practically always caused by slow-moving 
particles and the surface wounds bore a much more accurate relationship to the underlying damage. 

The meeting closed with a vote of thanks to the Commanding Officer and the staff of the hospital 
for an unusual and most entertaining morning. 


A further meeting was held at the Royal Sea Bathing Hospital, Margate, on July 9, 1960, at which 
Mr F. G. St Clair Strange and Mr P. R. Wright conducted the Club on a ward round of the patients 
under treatment in the hospital. 

The patients included many with hip and spinal conditions—from Perthes’ disease to metastases*- 
which necessitated some form of prolonged immobilisation; for these “* mobile immobilisation ” 
was the general rule. The Royal Sea Bathing turning frame, developed and made on the premises, 
was shown to great advantage and was thought to be a masterpiece of simple efficiency. The mobile 
form of balanced traction was also seen in action. No femoral shaft fractures were seen but a patient 
with Perthes’ disease on traction in a Thomas’s splint demonstrated his ability to climb to the top of 
his Balkan beam without any tangling of the cords. 


Recurrent dislocation of the shoulder—Mr P. R. Wright advocated the use of staples in the repair 
because they made the operation much easier than the classical Bankart method. He had not found the 
defect in the head of the humerus to be a constant factor, but limitation of lateral rotation in the end- 
result was the hallmark of safety. Mr David Trevor felt that any surgeon should be able to do a correct 
Bankart repair and he deprecated the use of staples in such close proximity to the brachial plexus 
because they had been known to work loose. Mr J. E. Buck said that he had no faith in dental drills, 
which often went wrong, but that he had used a 4-millimetre Steinmann pin with its centre diverted in 
the manner of a carpenter’s brace, the ends being kept in line. The point was reduced to 1-5 millimetres 
over a length of 1 centimetre and when used in an ordinary Steinmann’s pin introducer with ar 
oscillating movement the “ brace-handle ” bypassed the obstructing tissues at the proximal side o! 
the wound and allowed the holes to be bored easily at the correct angle. This overcame the onl) 
serious objection which had ever been raised to Bankart’s operation. 


Fractures of the femoral shaft—Mr F. G. St Clair Strange discussed the remarkable possibilities o 
** mobile traction ”’ and illustrated his remarks with a film. He said that the injury had occurred ir 
man and his predecessors for several millions of years and that acceptable functional results withou' 
immobilisation had occurred in large numbers over most of that time. The film showed how patient: 
were able to sit out of bed in the third week while still on traction, and one young lad could actuall 
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and on his head in bed without disturbing the line of pull. The results spoke for themselves and 
ere adequate by any standards. Mr David Trevor strongly approved of the method and thought that 
vere was far too much enthusiasm for intramedullary fixation. 


SOUTH-WEST ORTHOPAEDIC CLUB 


The South-West Orthopaedic Club held a very successful meeting in Sweden between May 31 
. 1d June 4, 1960. The first part of the meeting was held at Norrbackainstitutet in Stockholm by 
| nd invitation of Professor Sten Friberg, where papers were read. Professor Friberg welcomed the 
\ sitors and gave a short account of the development of orthopaedic surgery in Sweden. 


| Itrastructure of bone—Professor Arne Engstrém (Stockholm) described the molecular structure of 
| ving bone and the method of its investigation. Bone was not just a supporting structure, but a matrix 
... which substances could be absorbed and could perform their function in the regulation of the ionic 
| lance in the body. The arrangement of molecular structures was described, as was its relation to 
; oblems of radioactivity and fall-out. 


Tne distribution of mineral salts in healing fractures and non-union—Dr U/f Nilsonne (Stockholm) 
described his investigations into the mineralisation of callus by quantitative contact microradiography. 
Tne degree, rate and distribution of mineralisation was given for healing fractures and in mal-union 
and non-union. The concluSion was that failure of bone union was not due to abnormal mineralisation, 
. but to failure of development of a proper organic matrix. 


Myelography— Dr Ernst Salen (Stockholm) gave an impressive demonstration of myelography in 
which a water-soluble contrast medium was used which was quickly absorbed through the blood 
stream. The substance, known as Kontrast U, being irritant, necessitates the use of a spinal anaesthetic. 
Most examples shown were in patients with intervertebral disc protrusion. The method involved 
oblique radiographs and it was possible to see defects in the root tree, which were taken to indicate 
disc protrusions in the absence of any indentation of the theca itself. All patients with intervertebral 
disc protrusion in whom operation was contemplated were subjected to myelography, of which 
about 2,500 had been done. There was now no discrepancy between myelography and operative 
findings at the fourth and fifth lumbar levels. Many patients experienced headache of short duration 
and slight pyrexia for the first twenty-four hours, and 0-5 per cent of patients had had epileptiform 
convulsions for three or four hours, which were controlled with barbiturates and were of short duration. 
The older types of contrast medium had been given up because they were chronically irritant and could 
not be entirely aspirated. They also failed to show up the root trees adequately. 


Reconstructive surgery in peripheral arterial occlusion—Dr Tor Hiertonn (Stockholm) gave a short 
‘historical review of surgery for peripheral arterial occlusion and stated that surgery was now possible 
for most localised occlusions which experience had proved to be more common than was thought. 
Investigation of the patients included arteriography which should clearly demonstrate: 1) the site of 
the obstruction, 2) the.state of the vessel above and below the obstruction, and 3) the state of the 
collaterals. Dr Hiertonn described the various surgical procedures and strongly recommended 
autogenous vein grafts when possible. 


The use of television in hip nailing—Professor Knut Lindblom (Stockholm) described a method of hip 
nailing with the aid of closed circuit television. The advantages of this were that it aided reduction 
in stages and that it cut down operating time, with very small radiation dosage for both surgeon and 
patient. The advantages of television were clearly shown in so far as the antero-posterior views were 
concerned, but by this method lateral views were not used—the assumption being that if the leg was 
medially rotated 45 degrees the femoral neck was horizontal. In the discussion most speakers were 
_of the opinion that lateral radiographs were essential. 


Fiomechanical studies of the foot—Dr Hilding Wetzenstein (Stockholm) described his investigations 
iito the measurement of static and dynamic forces in the weight-bearing foot. A shoe was specially 
1iade with a measuring plate in the heel. The intensity and distribution of the weight on the heel 
could then be measured and charted, and examples were shown of the stresses in normal and 
normal feet. 


}. Osgood-Schlatter disease caused by fracture?—Dr Gdsta Ehrenborg (Stockholm) had carried out 
¢ ‘perimental studies in dogs and had studied 174 examples of “‘ osteochondritis” of the tibial tubercle 
| children., The animal experiments showed that true avulsion fractures of the tibial tubercle without 
i jury to the patellar tendon did not give rise to the disturbance typical of osteochondritis. He 
-| opounded the theory that in adolescence there is a layer of cartilage between the patellar tendon 
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and the bone of the tibial tubercle, which, if injured, gave rise to ectopic bone formation in the proces: 
of healing; he concluded that the condition was due to injury which took place in insensitive cartilage 
and which was not remembered because it did not give rise to pain. 


Problems in the diagnosis of bone tumours—Dr H. gSpjut (St Louis, U.S.A.) stressed the importanc: 
of the cooperation of the clinician, the radiologist and the pathologist in the diagnosis of bon: 
tumours. It was important for all three to have knowledge of each other’s specialities. He describex 
a number of bone tumours in which the picture was misleading in one or more of these three respects 
The paper was well illustrated by slides of pathological, radiological and clinical material. / 
particularly interesting example was that of an aneurysmal bone cyst whieh contained giant cells an 
had many of the appearances of an osteoclastoma. The position of the giant cells, however, wa 
unusual and this, in conjunction with the clinical and radiological findings, enabled a correct diagnosi 
to be made. , 


Arteriography and bone tumours— Dr Ake Lindbom (Stockholm) described the technique of arteriograph 
for bone tumours and showed a number of examples. He demonstrated that certain tumours suc! 
as osteochondrosarcoma, giant-cell tumour and osteoid osteoma displaygd a typical pattern. Th 
more malignant the tumour the more haphazard was the vascular pattern. Of particular interes 
was his demonstration that the vascularity, and therefore the malignancy, varied considerably i: 
different parts of the same tumour. In practice this would mean that it would be possible b: 
arteriography to choose the best area in a tumour for biopsy, and this would improve the results. 


A follow-up study of osteogenic sarcoma— Dr Sven Cederldf (Stockholm) discussed forty-one patient. 
with true osteogenic sarcoma treated between 1940 and 1959. Eighty-four per cent of tumour: 
occurred near the knee joint. Three patients had survived five years but only one for ten years. 
Those in whom amputation was delayed for more than six months were the most likely to survive. 
whether or not radiotherapy was given. Dr Cederlof felt that the methods of Ferguson and Cade 
were the most satisfactory, using high dosage radiotherapy followed by amputation after about 
one year if the patient had survived. 


Studies of pain factors— Dr Olof Lindahl (Stockholm) had produced pain by the intradermal injection 
of different solutions at a known speed, pressure and quantity. The results suggested that pain was 
not produced by the ions normally present in the blood, but that some, notably potassium, were 
potent pain producers. Pain was worse with any change of osmotic pressure or increase in acidity. 
The conclusion he drew was that hydrogen ion concentration was the most important factor in the 
production of pain by this means. The relationship of this to the pain of ischaemia was discussed. 

After a pleasant day at Stockholm spent as the guests of the Swedish Orthopaedic Association 
and the Stille Surgical Instrument Company, members assembled for the second part of the meeting 
at Gothenburg by kind invitation of Professor Erik Moberg, where papers were read at the Sahlgren 
Hospital, followed by ward rounds there and at the Gothenburg Orthopaedic Hospital. 


Tomegraphy for ankle fractures— Dr Lars Martenson (Gothenburg) said that in Gothenburg displaced 
ankle fractures were treated by operation, the medial malleolus being fixed with small pins and 
diastasis dealt with by wiring. Fractures of the posterior margin of the tibia had been investigated by 
tomography, which often showed a defect in the articular surface with the impaction of a small portion 
of cortex into the bone. In the discussion that followed it was felt that meticulous reconstruction of 
the joint surface was unnecessary and undesirable provided that the normal contour was restored. 


Experimental evaluation of the hypothesis of ligamento-muscular protective reflexes— Dr Bertil Stener 
(Gothenburg) described a series of experiments carried out on the medial collateral ligament of 
the knee joint in decerebrate cats, and a further series of experiments carried out in man, using 
electromyography. His studies cast doubt on the existence of protective ligamento-muscular reflexes 
in normal subjects. Experiments on the injured knee, however, showed that there was some muscular 
activity on stretching the damaged medial collateral ligament and that this activity could be abolished 
by the injection of local anaesthetic at the site of the injury. 


Forearm shaft fractures— Professor E. Moberg (Gothenburg) reviewed his experience of forearm shaft 


fractures and discussed the rotational factors involved. He had treated pseudarthroses by means o! 


a latch graft taken from the tibial cortex. The results were satisfactory except when the graft fractured 
He was now using a specially made steel plate, shaped like a latch graft, which could be slotted inte 
the bone without disturbing the periosteal and muscular coverings, and which maintained adequat« 
immobilisation. 


The assessment of sensibility in the hand and certain other problems in hand surgery— Professor E. Mober: 
discussed the difference between high quality and protective sensation in the hand. A patien 
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is shown who had undergone median nerve suture at the wrist three years previously. He had 
| »rmal sensation to pin prick and cotton wool, but his fingers were “ blind” unless aided by the 
es. He could handle small and delicate objects with his eyes open, but his dexterity became much 
juced when his eyes were closed. The investigations included the taking of finger and thumb prints 
special test paper. This, when developed with ninhydrin, gave a red finger print when sweating 
s normal, but in the absence of high quality sensation and therefore of sudo-motor function, no 
nt was obtained. It was clearly shown how the pulp of the thumb is partly innervated at its sides 
the dorsal nerve supply. By means of this investigation it was possible to diagnose partial division 
nerves. Professor Moberg also demonstrated the transfer of sensory islands to provide high quality 
. \Sation where it was nost needed. 


ee arthroplasty with prosthesis—Dr Bdérge Walldius (Gothenburg) described his operation for 
ysthetic arthroplasty of the knee‘which he had done on seventy-three knees in fifty-nine patients. 
yst were suffering from rheumatoid arthritis, and a few from osteoarthritis, ankylosing spondylitis 
a d old septic arthritis. The results were excellent in 60 per cent, good in 10 per cent and poor 
it 30 per cent. Many of the patients were previously severely disabled and were leading wheel- 
ci air lives. The average range of movement after operation was 180 to 130 degrees of flexion. 
D~ Walldius showed a film of his technique, in which the knee is excised in a manner similar to 
th it for a compression arthrodesis. The prosthesis is simple, with separate four-inch finned nails 
wich are passed into the medullary cavity of the femur and tibia and which are then joined together 
by a frictionless bearing using special guides to ensure accurate insertion. 


Si.pped upper femoral epiphysis studied by a new radiographic technique— Dr Lars Billing (Gothenburg) 
described a method of measurement of angles about the femoral neck including the angle of anteversion, 
the angle of the epiphysial plate in relation to neck and shaft and the plane of the epiphysial plate in 
relation to the horizontal when the patient was lying flat. With this information it was possible to 
obtain a true lateral view of the epiphysis and this showed clearly that when slipping occurred it was 
only backwards and not partly medially as many believed. As a result of these studies early slipping 
of the epiphysis could be detected and the errors in diagnosis due to remoulding of the femoral neck 
could be eliminated. The opposite hip was always studied for early slip, which was found to be common. 
The time of the slip was related to skeletal age, and observation of the ossification of the Y cartilage 
in the acetabulum showed that none of the patients had symptoms more than three years before 
the Y cartilage ossified and in no patient did slipping begin after the Y cartilage had closed. 
Corrective osteotomy should be postponed until the cartilage zone had ossified. (BILLING, L. (1954): 
Acta Radiologica, Supplement 110. BILLING, L., and Severin, E. A. (1959): Acta Radiologica, 
Supplement 174.) 


Spine and hip models— Dr Folke Tidestrom (Gothenburg) demonstrated two models of the spine to 
show how torsion and scoliosis were related to various positions of the spinal column. Different 
hip models were also shown which demonstrated visually the essentials of Dr Billing’s paper. 


SCOTTISH ORTHOPAEDIC CLUB 


The annual meeting of the Scottish Orthopaedic Club was held at Bridge of Earn Hospital, 
Perthshire, on May 28, 1960. Some fifty members and associates attended the meeting. 


Upper tibial osteotomy—Mr /. S. Smillie (Dundee) reviewed his experience of linear osteotomy of 
the tibial table for the correction of genu recurvatum, genu varum and genu valgum deformities of 
epiphysial origin. He performed the osteotomy about one centimetre below the articular surface 
through cancellous tissue and within the confines of the patellar tendon and medial ligament. It was 
thus stable at the end of the operation and correction was maintained by wedge-shaped grafts taken 
from the ilium. He considered that the procedure had the merit of improving function as well as 
appearance; in genu recurvatum, for example, patella alta was corrected with a consequent increase 
©” power. The potential of the operation had not been exploited, for it was neither formidable 
nor hazardous in experienced hands. There were possible applications for this operation in selected 
¢ ises of osteoarthritis, and it might even be justifiable for cosmetic reasons in the absence of disturbance 
function. 


Il ibrosarcoma of thigh—Mr G. Murdoch (Dundee) demonstrated a patient with a fibrosarcoma of 
t ie thigh arising in a haematoma, and he reviewed the scanty literature on the subject which suggested 
t at there was a good prognosis after wide excision. The anatomical! site of this particular tumour 
t ecluded this and a hindquarter amputation was done. The patient was alive and well four years after 
( 9eration and was wearing his artificial limb. 
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** Lucky breaks ’’—Mr C. S. Campbell (Bridge of Earn) read a paper on fractures in the region >f 
pre-existing deformities. It was stressed that the chance should be taken to correct the deform: y 
when reducing the fracture because many of the patients were elderly and unsuitable for a forr | 
osteotomy. Several examples of such “ lucky breaks”’ with deformity corrected thereafter we e 
shown, including two patients one of whom had had correction of a knee flexion deformity after a 
supracondylar fracture, and an adduction flexion deformity of the hip in the other had been correct d 
after a trochanteric fracture. 


Flexor sublimis transfer—Mr J. Hutchison (Dundee) advocated the transfer of a tendon of the flex ir 
digitorum sublimis to restore opposition in the thumb after poliomyelitis. He described a meth: d 
of inserting the transferred tendon which allowed the degree of tension to be adjusted correctly. | e 
also described a similar transfer to restore flexion in the thumb after division of the tendon of flex or 
pollicis longus in the digital sheath, and he thought it gave better results on the whole than free tend: n 
grafting. Two patients showed the result obtained with each procedure. 


Finger flexor advancement—Mr D. M. Caird (Dundee) suggested advancement of the flexor tend: n 
and suture to the shortened stump of the severed tendon as the method of repair in divisions of t \e 
flexor profundus. In the five cases described successful advancements of up to one and a half incl :s 
had been done with an excellent return of flexion and no loss of extension. Two patients were sho\ n 
to demonstrate this. 


Intramedullary nailing and multiple injuries—Mr G. Murdoch (Dundee) described sixteen patier ts 
with multiple injuries of the lower limbs. His plea for the use of the intramedullary nail was support. d 
by evidence of quick recovery from shock, easier management of the injuries and good knee moveme::t. 
Five patients were shown to illustrate the principles that were involved and the results that cou'd 
be obtained. 


Wilson’s disease— Dr H. G. Morgan (Dundee) gave a graphic description of this rare condition, and 
showed a patient to illustrate the clinical features, bone and growth changes, and the biochemical 


investigations. 


Unicameral bone cyst—Mr G. L. Clark (Bridge of Earn) reviewed a series of pathological fractures 
near simple bone cysts. Invariably the fracture united rapidly. New bone formation within the 
cyst was usually prolific, and suggested rapid healing of the lesion; but serial radiography showed 
that this was soon absorbed and bone grafting was necessary to obliterate the cyst. 


Finger extensor mechanism—Mr J]. M. Stewart (Dundee) described, in a closely argued discourse, 
the anatomy and dynamics of the finger extensor mechanism, and applied the practical implications 
to certain finger injuries that he illustrated. In particular he stressed the importance of the ** intrinsic 
position ”’ of the finger in the boutonniere injury. 


Familial metaphysial dysplasia—Mr J. F. M. Frew (Inverness) showed three patients with familial 
metaphysial dysplasia aged thirty-nine, thirty-four and five and a half years. So far as was known, none 
were related, but one had a brother aged twenty-seven who was similarly affected. They had ill 
been discovered while undergoing radiographs for other conditions. In the two adults changes were 
found in the pelvis which affected the shape, and which was apelike in character with considerable 
thickening of the pubic rami and ischium. This finding apparently had not been previously reported. 
Also the radiological reports stated that there was a significant diminution of the facial angle which 
was found to be about 57 degrees instead of the normal 75 degrees. 


Ulnar nerve compression—Mr T. Ness (Stracathro) reviewed the results of seventeen operations — 


performed at Stracathro Hospital for the relief of ulnar nerve neuritis, by simple decompression it 
the elbow, as described by Osborne. In each case the tendinous arch joining -the heads of flexor 
carpi ulnaris was identified and divided. In about half of the patients there appeared to be a definitc 
constriction mark on the superficial aspect of the nerve, and thickening, if present, was found always 
to start at this point and extend proximally. The results appeared comparable to those of anterior 
transposition. 


Funnel chest—Mr J. D. Sutherland (Bridge of Earn) reviewed thirty patients with progressive funne' 
chest deformity and secondary postural defects. All had been treated by operative correction of th: 
chest deformity followed by respiratory and postural physiotherapy. The ages at which operatio: 

was performed ranged from three to twenty-five years. There were no serious complications. Th 

results showed satisfactory correction of the deformity, marked improvement in posture and physique . 
and, in older children, considerable psychological benefit. Four patients were shown. 


Rupture of calcaneal tendon—Mr J. Hutchison (Dundee) reviewed thirty-six patients who had rupture 
the calcaneal tendon spontaneously. The injury was sustained mainly by middle-aged men, employed | 
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« dentary occupations, who had at one time been athletic and later only indulged in sporadic strenuous 
e ercise. Histological examination of the freshly ruptured tendon showed degenerative changes of 
| ng standing. These changes were thought to be due mainly to the poor blood supply to the tendon 
a the site of rupture, which was two to four centimetres above its insertion. It was also pointed out 
t! it the gastrocnemius component of the calcaneal tendon twisted round that part of the tendon 
d sived from soleus and this might also result in degenerative changes in the lower part of the tendon. 
1: somplete rupture was not found.in any patient. The best results were obtained by early suture of 
tl : rupture and in late cases by augmenting the repair by the use of the plantaris tendon as a suture. 


I: ernal fixation in forearm fractures—Mr A. R. Robertson (Bridge of Earn) stated that in the past 
sc en years there had been 180 adult patients with fractures of the shafts of the forearm bones treated 
ir Bridge of Earn Hospital and Dundee Royal Infirmary. He reviewed fifty-three patients of this 
gi up treated by internal fixation. The fractures were classified according to the method used for 
fi ation, and the results suggested that: 1) single screw fixation does not provide adequate stability 
ir oblique fractures of the radius, with inferior radio-ulnar dislocation; 2) intramedullary nailing 
o| the ulna in Monteggia fractures is a satisfactory method; 3) when excision of the radial head is 
re \uired it is probably best carried out between the fourth and eighth weeks; 4) the results of intra- 
m dullary nailing or plating of forearm fractures appear to be similar; 5) when plates are used they 
sh ould be of at least four-hole size to secure fixation. 


De Quervain’s disease—Mr R. D. Muckart (Dundee) presented a report on a personal series of 
si: ty-five patients suffering from De Quervain’s disease. The clinical and operative findings were 
di cussed with particular reference to the manual skills of the sufferers. A different cause from that 
reorted by most authors was postulated as a result of the study. 


Congenital dislocation of hip— Mr G. L. Clark (Bridge of Earn) reviewed a series of sixty-nine children 
treated conservatively. Fifty-seven of these were available for assessment. Treatment consisted 
of gallows traction for four weeks; abduction plaster fixation; and later weight bearing in divaricators. 
The end-result clinically and radiographically was satisfactory in three-fifths and unsatisfactory in 
two-fifths of the children. The main factors contributing to a poor result were: 1) the age when 
treatment began; 2) the presence of bilateral dislocations; 3) Perthes’ disease; 4) persistence of 
anteversion. Serial radiographic measurements suggested that the Y line and Y coordinate were of 
little value in prognosis. The acetabular index was of considerable value if used to estimate progress 
only and not as a basis for long-term prognostication. One-eighth of the children were from a town 
with, a population of 5,000 as compared with a total population for the area of 371,000. 


Before the meeting ended, a tribute was paid to the memory of Alexander Miller of Glasgow. 
Only a few months before his death Mr Miller had presided over the first meeting of the Club. 


NEW ZEALAND 


NEW ZEALAND ORTHOPAEDIC ASSOCIATION 


The eleventh annual meeting of the New Zealand Orthopaedic Association was held in Wellington 
from August 16-19, 1960. The President, Mr Allan Macdonald (Auckland), welcomed Professor Bryan 
McFarland (Liverpool) to the meeting. The following papers were presented. 


Congenital absence of the radius—Mr B. M. Hay (Hamilton) said that some 450 patients with this 
condition had been recorded in the literature. The condition was classified into: 1) total aplasia of the 
radius, 2) partial aplasia, and 3) hypoplasia. Associated deformities included absence of the carpal 
bones and of the pectoral and forearm muscles. Absence of the thumb occurred in 60 per cent of 
patients. The ulna was formed more slowly and was of varied curvature and of increased thickness. 
Conservative treatment was of doubtful value; but arthrodesis of the wrist corrected the deformity at 
the cost of function. Stabilisation by implantation of a radial strut as suggested by Riordan (Journal of 
Bone and Joint Surgery, 1955, 37—A, 1129) was applicable, provided it was done at an early age. 
Mr A. B. McKenzie (Christchurch) thought that function was impaired by operation even if the 
a pearance was improved. Mr Alan Alldred (Dunedin) stressed the difficulty of obtaining and 
n.aintaining correction when there was considerable bowing of the ulna. Professor Bryan McFarland 
(Liverpool) said it was difficult to resist the parents’ efforts to get something done. In his opinion the 
fioular graft did not grow, and removal of the fibula could produce a valgus deformity at the ankle. 


The lumbo-sacral intervertebral foramen—Mr W. A. Liddell (Christchurch) said that sciatica could be 
¢ iused by encroachment on the lumbo-sacral intervertebral foramen by osteophytes or disc protrusion. 
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He stressed the importance of exploring the foramen during disc operations when the operat ve 
findings did not satisfactorily explain the symptoms. He described patients in whom exploration of 
the foramen had revealed a cause of nerve root pressure when routine exploration had failed. 


Observations on the diagnosis of lumbar disc degeneration— Dr J. S. Boyd-Wilson (Wellington) | id 
been invited to review the pathology of disc degeneration. He said that the radiological diagn« is 
of this condition depended on plain radiographs and myelography. On the former were shown he 
changes of the vacuum phenomenon, disc calcification, loss of lordosis, scoliosis, spur formati n. 
posterior joint changes, loss of spinal movement, and loss of disc space. Loss of disc space co Id 
mean infection, anterior prolapse or, more commonly, disc protrusion. He stressed that it was | ot 
possible to make a positive diagnosis of disc prolapse from plain radiographs and that this was bet er 
made on clinical grounds. He thought the indications for myelography were posterior prolapse w th 
intractable symptoms for which operation was being considered ; evidence of cauda equina compressi: n; 
and patients with a functional overlay. He outlined the hazards and discomforts of myelograp jy, 
but felt that with good technique these did not outweigh the valuable information obtained. 


Grafting bone—Professor Bryan McFarland (Liverpool) said that the main reasons for using bone gra ts 
were: 1) to stiffen joints, 2) to cause union in fractures, and 3) to overcome defects in bone. In iis 
opinion autogenous bone was best and the bone should be cut from the ilium or upper tibia. He outlir od 
the steps in the development of the bypass graft and its application to pseudarthrosis of the tibia. 


Rotary mower injuries—Mr Harman G. Smith (Auckland) said that these injuries were becom) 1g 
more frequent. They occurred in three ways: 1) by small stones, nails and pieces of wire being eject 2d 
by the blades of the machine at high velocity; 2) by the blades, parts of the blades or the’ cutting 
plate becoming detached (he told of a small boy standing thirty feet from a mower whose foot h.d 
been amputated by a flying blade); and 3) by contact with the hand or foot. . These injuries produced 
severe laminated wounds. Most were due to negligence or inadequate maintenance, but manufacturcrs 
were reluctant to modify the machines and add safety guards because of the cost. The meeting 
unanimously agreed that the Association should take up the question of safety guards with the 
appropriate authorities. 


A review of 118 cases of spondylolisthesis—Mr H. B. C. Milsom (Tauranga) had reviewed the radiographs 
of 118 patients with spondylolisthesis and the clinical findings in seventy-six of these. He had also 
reviewed routine spinal radiographs in 787 patients. It appeared that juvenile osteochondritis was 
more common among patients with spondylolisthesis than in the control group. He felt that there 
was an obscure relationship between childbearing and spondylolisthesis and also flexion deformities 
of the hips and spondylolisthesis. Most patients had little or no disability. He postulated that the 
possession of a separate neural arch enabled extension of the lumbar spine to occur beyond the normal 
limit. Where sustained and severe extension was required, as in juvenile kyphosis, pregnancy, or 
flexion deformity of the hip, spondylolisthesis might favour maintenance of the erect posture and of 
spinal mobility. Mr R. H. Dawson (Palmerston North) pointed out that in Scheuermann’s disease the 
hamstrings were tight but not in spondylolisthesis. 


Metaplasia of synovial membrane—Mr P. C. Grayson (Palmerston North) discussed the various 
conditions arising from synovial membranes which were considered to be due to metaplasia. He 
described the histological appearances in synovial villi undergoing metaplasia and said that some 
conditions, such as osteochondromatosis, were difficult to explain on histological grounds. Professor 
Bryan McFarland (Liverpool) said that the interesting feature of osteochondromatosis was that, 
having affected only part of a joint lining, it did not necessarily continue. 


Club foot in the Polynesian—Mr J. K. Elliott (Wellington) said that it had been shown recently that 
there was a great difference between the state of health of Maoris and Pakeha in New Zealand, 
largely because of environment, but club foot had a much higher incidence in all Polynesian peoples. 
This had previously been recorded in the Hawaiian Islands. The rate per 100,000 in New Zealand 
was Maoris 440, Europeans 70. The rate for congenital dislocation of the hip was Maoris 26, 
Europeans 38. He stressed the difficulties of treating patients in remote areas with poor communications 
preventing an adequate follow-up. Mr H. B. C. Milsom (Tauranga) said that there was a high incidence 
of slipped upper femoral epiphysis in the Maori, but a low incidence of spondylolisthésis. Mr W. Parke 
(Gisborne) said that in club foot relapse usually occurred between the ages of fifteen months and two 
years and that the results were improved by medial release operations. 


Osteoarthritis of the hip—Professor Bryan McFarland (Liverpool) discussed the pathology of ths 
condition and pointed out that the Bantu did not get osteoarthritis of the hip. He thought thit 
arthrodesis was a confession of failure, arthroplasty was not biological and that it was inexplicab ec 
why osteotomy relieved pain. He described recent work by O’Malley (Journal of Bone and Joii t 
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“urgery, 1959, 41-B, 888) who relieved pain by dividing the psoas tendon and the Y-shaped ligament 
f Bigelow. 


_)steoclastoma in the cervical spine—Mr B. M. Hay (Hamilton) described a patient with unusual 
‘ atures of an osteoclastoma of the cervical spine. He reviewed the pathology, behaviour and treatment 
 f this condition. 


uppurative arthritis of the hip in infancy—Professor Bryan McFarland (Liverpool) said that this 
yndition was first described by Tom Smith of St Bartholomew’s Hospital nearly 100 years ago 
Saint Bartholomew's Hospital Reports, 1874, 10, 189). It has since been known by his name. The 
isease took a different course in infants from that of early childhood. Up to the age of six months 
steomyelitis of the upper end of the femur caused death of the femoral head, but in older children it 
. gused destruction of the hip with ankylosis. He advocated the following methods of treatment: 
) If seen early, in addition to antibiotic treatment, drainage was necessary which, by relieving tension, 
iight save the femoral head. 2) If seen a little later fixation in abduction in plaster-of-Paris for at 
‘ast six months might save the head and prevent disastrous shortening. 3) Later, after some eighteen 
1onths, open operation should be done to clear the acetabulum and to place in it the headless stump 
.f the femoral neck, combined if necessary with a Whitman slide of the trochanter, and this gave a 
‘ery satisfactory result. The shortening in the untreated patient was much greater than could be 
_xplained by the loss of the femoral head; this must be due to unexplained factors acting on the lower 
epiphysis. 


The Gillies Cup for golf was won by Mr P. C. Grayson. The meeting concluded with a highly 
successful dinner, at which the President announced that Professor Bryan McFarland had been 
clected to honorary fellowship. 


HOLLAND 


NETHERLANDS ORTHOPAEDIC SOCIETY 
The Netherlands Orthopaedic Society held several meetings from November 1959 to June 1960. 


November 1959 


Excision of the medial sesamoid of the hallux—Dr H. G. A. Naber (Maastricht) reported forty 
patients who had undergone removal of the medial sesamoid of the hallux. Results in this series were 
generally good and often excellent, and there were no failures from the functional viewpoint. 


January 1960 

Bone heterotransplants— Dr M. J. Kingma and Dr J. F. Hampe (Amsterdam) reported experimental 
work on bone heterotransplants. Dr Kingma had visited the Nuffield Orthopaedic Centre in Oxford 
and had used Trueta’s technique of blood-vessel injection in his experiments. In rabbits a defect 
was made in the outer cortex of the iliac bone, and a bone graft was laid in the defect. At varying 
times after this operation the animals were killed, and a mixture of micropaque and Berlin blue was 
injected into the aorta. The specimens were examined histologically, radiologically and by the 
Spalteholz technique. The histology and the behaviour of the blood vessels were shown most clearly 
on colour slides. Heterotransplants of cortical bone (calf and human, preserved by freezing at 
-~40 degrees Centigrade) were accepted initially and bone formation started, but after a few weeks 
inflammatory reactions appeared and fibrous tissue was formed instead of bone. Finally the dead 
graft was surrounded by a layer of fibrous tissue. This was explained by the theory of immunobiological 
reactions. The authors believed that the heterogenous cortical graft has a weak antigenic activity 
which was not eliminated by refrigeration. 


Solitary bone cysts in children— Dr S. A. Cohen (Amsterdam) reported twenty children with solitary 
bone cysts. At first these cysts always appeared in contact with, or in the immediate vicinity of, the 
epiphysial cartilage. Operation at this stage usually was a failure, as the cyst was in its active phase. 
Later the position of the cyst changed and new bone was formed between it and the epiphysial cartilage. | 
The author considered this to be the latent phase, during which operation usually yields a good result, 
but felt that better results in the active phase might be expected with a more radical excision of the 
walls of the cavity and implantation of a large bone graft extending into normal bone tissue. 


A combined meeting with the Belgian Orthopaedic Society was held at Eindhoven on June 18,1960. 


Displaced fractures of the radial head—Dr P. Vertongen (Bruges) reviewed thirty-six patients with 
lisplaced fractures of the radial head. Comminuted fractures were treated by a short period of 
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immobilisation or by fixation or resection of the fragment, or even excision of the head. Fractures of t! « 
radial neck and slipped upper epiphyses were treated by closed reduction, by percutaneous reducti: 
using a Steinmann pin, by open reduction with internal fixation, or by excision of the head. Comminut: | 
fractures were treated by a short period of immobilisation or by resection. Good results occurr: | 
with all these methods. Comminuted fractures could be treated conservatively, even though slight , 
displaced. Partial resection should only be done if less than half of the radial head was camage ’ 
Excision of the head should be avoided in fractures of the neck or slipped epiphyses. 


Ligamentous damage in fractures of the upper tibia—Dr E. Forster, Dr L. Mole and Dr J. Coblen 
(Colmar) reported on ligamentous damage in ninety patients with fractures of the upper end of t! 
tibia. Out of sixty-two fractures with a valgus displacement the medial ligament was ruptured 
fourteen. In nine fractures with a varus displacement six were associated with ruptures of the later 
ligament. Treatment was conditioned by the bony lesion. The prognosis ofthe injured ligame 
lesion was good provided that the joint surface was restored anatomically and that no lateral moveme: 
was allowed during the time needed for healing of the ligament. Treatment in extension allowing acti" > 
flexion was preferred to immobilisation in plaster. Radiographs of the knee in the displaced positic \ 
showed widening of the joint on the opposite side to the fracture if the ligament was torn. 


Pectoralis major transfer for deltoid paralysis—Dr E. H. la Chapelle (Utrecht) had transplanted t! » 
whole of the pectoralis major muscle in a ten-year-old boy for isolated paralysis of the deltoid followir : 
poliomyelitis. The pectoralis was completely freed from its origin and attached at the site of orig: 1 
of the deltoid muscle, but the insertion was displaced to the lateral side of the humerus. There was n ) 
undue tension in the neurovascular bundle; the patiert regained active abduction to a right ang). 


Central dislocation arthroplasty of the hip— Dr J. G. A. Kerssemakers (The Hague) gave his preliminary 
results of central dislocation arthroplasty of the hip. In 1958 Boute had reviewed twenty-four 
such operations. In the present series the results of thirty-eight patients operated upon personally 
and observed over six months to five years were available; as well as the results in eighty-seven others 
operated upon by various other surgeons. Calf fascia or calf pericardium was used for interposition, 
the greater trochanter being displaced distally. Walking was started after three weeks and weight 
bearing at three months. The mortality was six out of 125 patients. Of the remaining 119, 105 had 
primary or secondary osteoarthritis. The results showed that seventy-four patients were free from 
pain, thirty-three had some pain, twelve had severe pain; forty-four walked without a stick, fifty- 
seven with one and eighteen with two sticks. Sixty patients were very pleased, forty-five reasonably 
content, and fourteen discontented. Of the thirty-five patients with thirty-eight operations done by 
the author, the average age was sixty, with twenty-six patients over that age. There had been no 
mortality, but two patients had had a late post-operative fracture of the femoral neck some time 
after the operation. The diagnosis was osteoarthritis in thirty-three hips and the other five had a variety 
of conditions. Twenty operations gave full relief of pain, thirteen patients had some pain, and five had 
severe pain. Sixteen patients walked without a stick, eleven with one and eight with two sticks. Twenty 
hips had a range of flexion to between 40 and 80 degrees, twelve had a range to between 15 and 
40 degrees, six had no movement. Twenty patients were very pleased, thirteen were reasonably 
content and five were discontented. Of the latter five, however, four had a painful hip on the other 
side. The author concluded that, especially in advanced primary osteoarthritis, and even when it was 
bilateral, a very gratifying result could be obtained by central dislocation arthroplasty. 


¥ ‘iv 


GERMANY 


SYMPOSIUM ON HAND SURGERY 


The first meeting of a group of general and orthopaedic surgeons specially interested in hand 
surgery was held at the new Berufsgenossenschaftliches Unfallkrankenhaus, Hamburg, on October 
16 and 17, 1960, by the invitation of Dr Dieter Buck-Gramcko (Hamburg). The aim of the ** Symposium 
on Hand Surgery’ was to give personal contact between the members who came from German- 
speaking countries (Austria, Germany, Switzerland) and to have free and frank discussion on some 
of the problems in this field, and without the limited time that is usually available at congresses. Therc 


“were only three papers: one by Dr Henry Nigst (Basel) on “* The treatment of peripheral nerve injuries,” 


one by Dr Gottlieb Zrubecky (Tiibingen) on “ Sensory and motor reconstruction after irreparabk 
nerve injuries in the hand,” and the third by Dr Hanno Millesi (Vienna) on *‘ Dupuytren’s contracture.” 
Each paper was followed by extensive discussion. The two-day meeting ended with several film 
demonstrations by Dr Claude Verdan (Lausanne), Dr Jérg Béhler (Linz) and Dr Gottlieb Zrubeck) 
(Tiibingen). 
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ITALY 


ITALIAN ORTHOPAEDIC AND TRAUMATOLOGICAL ASSOCIATION 


The forty-fifth congress of the Italian Orthopaedic and Traumatological Association was held in 
lorence from October 26 to 29, 1960. Professor O. Scaglietti was elected President of the Association 
or the next two years. The main subject under discussion was the modern treatment of bone and 
tuberculosis. 

Dr S. Colombani and Dr A. Allaria (Cortina d Ampezzo) discussed the conservative treatment 
* bone and joint tuberculosis, and Dr S. Marconi, Dr P. Mirabella and Dr R. Bombelli (Venice) 
scribed the surgical treatment, excluding the spine which was discussed by Dr B. Calandriello 

. ‘lorence). Dr M. Paltrinieri and Dr M. Cesari (Pisa) discussed the treatment of abscesses and fistulae, 
. id Dr A. P. Gaeta and Dr F. Batini (Rome) discussed the social aspects of bone and joint tuberculosis. 


INTERNATIONAL SOCIETIES 


SOCIETE INTERNATIONALE DE CHIRURGIE ORTHOPEDIQUE 


DE TRAUMATOLOGIE 


The Eighth Congress of the Société Internationale de Chirurgie Orthopedique et de Traumatologie 


‘was held in New York from September 4 to 9, 1960. Professor J. Trueta (Oxford, England) was 


President for the Congress. 
At the opening ceremony Dr Philip Wilson (United States) welcomed all the delegates to New 


-York, 


Professor Trueta (Great Britain) thanked Dr P. Wilson and Dr A. Shands, chairmen respectively 
of the committees organising the Conference and the programme, for the great amount of work. they 
and the members of their committees had done. He regretted very much that Dr Jean Delchef was 
absent from the Congress through illness. He then reviewed the state of orthopaedics in general. 
At the time of the first Congress, held in 1930, rickets, tuberculosis, osteomyelitis and poliomyelitis 
accounted for the vast majority of cripples. These diseases were no longer of national importance. 
But in spite of this there was no reduction in orthopaedic work. The surgery of injuries was increasing 
enormously, and degenerative disease was more frequent because people lived longer. More time 
was now being devoted to research. The conference would deal with three questions: congenital 
dysplasia of the hip, non-union of fractures of long bones, and the training of orthopaedic surgeons— 
all problems of great interest. He then declared open the Eighth Congress of S.1.C.O.T. 


Congenital Dysplasia of the Hip 


Criteria of assessment— Professor Bryan McFarland (Great Britain), first opener, said that in assessing 
treatment it was necessary to have certain criteria of the degree of dysplasia, the age of the patient 
and the grade of result. He had laid down three types: dysplasia with subluxation, dislocation without 
dysplasia, and frank dysplasia with dislocation, He defined five grades of results: 1) perfect, 2) good, 
3) some mild persisting dysplasia, 4) subluxation, 5) complete redislocation. He believed that dysplasia 
was not confined to the bones but extended to the soft tissues, and that it was this which often caused 
poor results and late arthroses. Treatment should be as early as possible; manipulative reduction 
must be gentle without anaesthetic, and if it was not possible open reduction should be carried out. 


Clinical review— Dr Ivar Alvik (Norway), second opener, reported his findings in 945 typical dysplastic 
dips treated under the age of seven years. Sixty-seven per cent were bilateral. A total of 736 hips 
were reduced by closed manual reduction, which was easily performed but was often followed by 
redislocation and osteochondritis. Obstruction by soft tissue was due to capsule or limbus but he had 
never seen the limbus inverted in a hip previously untreated. Open reduction was done in 206 hips 
but in only seventy-one as a primary procedure. He now advocated gradual reduction by traction 
ond open reduction only when this failed. Immobilisation in the “ frog” position had now been 
-bandoned and a more moderate position with some medial rotation was used. Early weight bearing 
‘ aused osteochondritis and deficiency of the acetabular roof: weight bearing should be delayed for 
‘ least two years, sometimes longer, until the os acetabulum was well developed. Excess anteversion, 
‘present, should be corrected by osteotomy. 


‘ pen reduction— Professor Oscar Scaglietti (Italy) discussed the place of open vedenbih Closed 
‘duction was unwise in children aged four to five years, or if the degree of dislocation was severe; 
ad if closed reduction failed, open reduction was necessary. The exposure should be ample and 
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should be by the Smith-Petersen approach. Muscles that were tight should be divided and the pso: ; 
tendon, which was the commonest cause of obstruction, should be lengthened. The limbus, ligamentu: ) 
teres, or other soft-tissue obstruction, should be excised. Good results were obtained in 68 per ce: | 
after five years’ follow-up. The best results were obtained in patients aged one to three years at tl : 
time of operation and when the hip had not been previously treated. 


Early diagnosis—Professor Marino Ortolani (Italy) discussed early diagnosis and the pathologic | 
changes to be found in the foetus and at the time of birth. His findings were based on post-morte: \ 
dissection of fifty pelvises of foetuses or newborn children, some of which were premature. He sa. | 
that dysplasia was always bilateral, though on one side it might regress and subsequently be unrecognise: . 
Frank unilateral dislocation might occur during intra-uterine life and was no more in those wit ; 
associated deformities than in those without them. The basic abnormality was due to a primai ’ . 
constitutional hereditary factor and a secondary.environmental factor which was essentially mechanica . 
This might act during intra-uterine life or soon after birth. Diagnosis by clinical methods was to t » 
preferred to radiology, which was unreliable. The best clinical signs were the presence of a “* click ° 
and the limitation of abduction. He described the way in which, as a result of laxity of the capsul , 
the limbus was progressively flattened and a secondary acetabulum might be formed. He emphasise | _ 
the importance of early diagnosis by trained observers and treatment as soon as possible. 


Capsular arthroplasty—Dr Paul C. Colonna (United States) said that in young children abductic 1 

treatment, begun early, gave a high percentage of successful results, but as the child began weig! t 

bearing the results became progressively worse. From three to eight years was the debatable aye 

for treatment when changes in the acetabulum and capsule were established. If the acetabulum was: 
severely flattened and shallow he advocated a capsular arthroplasty. First, relaxation of contracted 

tissue was obtained by manipulation, subcutaneous tenotomy of the abductors and skeletal traction 

until the femoral head was opposite the acetabulum. At operation the acetabulum was deepened - 
and the capsule of the joint, which had been carefully preserved, was stitched over the femoral head 

and the head was reduced into the enlarged socket. If anteversion was excessive, it was corrected by 

supracondylar osteotomy five weeks later. A plaster cylinder from groin to ankle was applied so . 

that active hip movements could be started. Careful post-operative care to restore function was 

essential. 


Congenital dysplasia of the hip— Dr Philipp Erlacher (Austria) advocated gradual reduction in children 
up to two years of age but forcible reduction was often necessary in older children. He was opposed 
to primary operation, which often led to stiffness. Up to the age of four years the results showed one 
good for one bad; over the age of four one good for three bad. He emphasised the importance of 
early diagnosis and said that up to the age of one year the results were excellent. 


Congenital dislocation of the hip with reference to arthrography—Dr Knud Jansen and Dr E. H. J. 
Larsen (Denmark) said that they had used arthrography routinely to assess the effect of treatment. 
Two cubic centimetres of contrast medium were injected under anaesthesia. If the limbus was seen 
to be inverted it might indicate incomplete reduction, but Severin had shown that even in these 
circumstances a good result could be obtained: repeated arthrographs would show the adaptation of 
the limbus. There was some evidence to show that osteochondritis might follow the injection of 
contrast medium. In such cases the ligamentum teres might have been damaged accidentally. 


Development of the upper end of the femur— Dr Poul Lutken (Denmark) pointed out that the ossification 
of the upper end of the femur took place in different ways. In the elephant the trochanter and capital 
epiphysis formed a single epiphysis. This arrangement was sometimes found in the human. This 
was not pathological but a variant of the normal. 


Congenital luxation of the hip—Dr Augusto Bonilla and Dr Guillermo Guerra (Ecuador) described 
the treatment of 338 children with congenital dislocation of the hip. Manipulative reduction, wit! 
immobilisation in the Lorenz position, was preferred in young children but operation might be 
necessary in older children or when soft tissue was causing an obstruction as shown by arthrography. 
Analysis showed 60 per cent of the results were good, 30 per cent fair and 10 per cent poor. 


Formation of the acetabular roof—Dr G. Hauberg (Germany) described the results of 330 ear!y 
acetabular roof arthroplasties in which a wedge of bone was introduced just above the acetabulum. 
He was able to demonstrate that the effect of this wedge was not purely mechanical but that it actual! , 
stimulated growth of the roof. 


Spontaneous straightening of the femoral neck after adduction osteotomy in congenital dysplasia of th: 
hip—Dr Hans Mau (Germany) said that in many hips in which adduction had been produced ty 
osteotomy spontaneous straightening took place. This was most noticeable during the first ye: r 
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fter operation. This spontaneous valgus of the femoral neck must be distinguished from primary 
oxa valga due to lack of physiological development of the femoral neck. Spontaneous straightening 
sulted from unequal stress on the extremities of the upper femoral epiphysis. As a result the inner 
piphysial line became more horizontal and valgus resulted. This was aggravated if the pull of the 
bductors was reduced by coxa vara. It was still impossible to say in which hips spontaneous correction 
‘ould occur. 


‘evelopment of the hip joint after intertrochanteric osteotomy— Dr W. Mohing (Germany) said that 
valgus position of the femoral neck caused deterioration of the hip joint. There was always a tendency 
»r valgus to increase, and if it exceeded 130 degrees a varus osteotomy should be done. It might 
2 necessary to repeat it later if recurrence took place. Rotation osteotomy would often be accompanied 
y varus. 


dications, technique and results of the Leveuf operation in congenital dislocation of the hip—Professor 

. Idelberger (Germany) said that Leveuf’s operation should be reserved for those hips in which 

sduction could not be maintained. The acetabulum was usually too small and too shallow to contain 
‘1e femoral head, and antetorsion was often present. The antetorsion was corrected as a first stage 
.nd the acetabulum cleared and enlarged at a second. Of twelve hips so treated only two had an 
_ nsatisfactory range of movement. 


Secondary operations in the treatment of the dysplastic hip—Professor G. Exner (Germany) said that 
in two-thirds of all successfully reduced dislocations the hip developed abnormally, and there was a 
pathological increase in the anteversion of the neck. This should be corrected by osteotomy between 
the ages of three and five years. If after one year the acetabulum was not developing well a shelf 
operation should be done. 


Treatment of osteochondritic changes complicating the treatment of congenital dislocation of the hip— 
Mr F. C. Dwyer (Great Britain) said that osteochondritis of the femoral head was not an uncommon 
complication of the treatment of congenital dislocation of the hip. If weight bearing was allowed 
the deformity was aggravated and severe flattening of the head resulted. He advocated the use of a 
patten-ended caliper for at least two years and longer if necessary. 


Basic factors in the development of congenital dislocation of the hip—Mr FE. W. Somerville (Great 
Britain) emphasised the importance of finding the basic primary factor which leads to dislocation 
of the hip and dissociating from it the secondary deformities which developed later. An arthrograph 
would show that in a subluxation the acetabular roof was not sloping or defective and it could be 
shown that the deformity of the acetabulum in dislocation was secondary, as was the anteversion of 
the femoral neck. Laxity of the capsule resulting from pre-natal parental hormonal influences was 
the likely cause of the instability. In these circumstances there was a strong case for not allowing 
extension of the hips of all infants, under any circumstances, from the moment of birth for some 
weeks. 


Treatment of congenital dislocation of the hip— Dr Carlo Marino-Zuco (Italy) said that for purposes 
of prognosis and therapy a distinction must be made between embryonal luxation, preluxation, 
subluxation and inveterate luxation. For preluxation, prolonged abduction on a splint was all that 
was necessary, though even this caused osteochondritis in a small proportion of patients. Dislocation 
in children between the ages of one and four years was treated by manipulative reduction under 
anaesthesia followed by immobilisation in plaster with the hip flexed 90 degrees, abducted 70 degrees 
and laterally rotated 90 degrees. This was less traumatic than reduction by traction, and the trauma 
could be further reduced by adductor tenotomy or obturator neurectomy if the femoral head was 
especially high. If operation was necessary a neurectomy and tenotomy were done first followed by 
open reduction with reshaping of the acetabulum which was lined with a thin acrylic capsule. After 
iwo months this was removed but walking was not permitted for two years. 


Radiographic differentiation between acetabular dysplasia and congenital dislocation of the hip— Professor 
‘saharu Miki (Japan) stressed the difficulty of early diagnosis in congenital dislocation of the hip. 
‘te did not believe that the “ click *’ sign or any other sign was infallible. He illustrated cases in which 
‘pparently normal hips subsequently became dislocated and others in which abnormal hips underwent 
pontaneous healing. The only way of being certain of the stability of the hips was to take radiographs 
vith the hips in such a position that any instability would be exaggerated. 


\cetabular dysplasia and congenital dislocation of the hip—Professor Saburo lino (Japan) reported an 
ivestigation that he had carried: out in the Tohoku District of Japan where congenital dislocation 
vas particularly common: 7,806 infants had been examined and radiographed. The presence of 
‘ysplasia was determined from measurement of the acetabular index corrected for monthly age and 
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for sex. The findings showed that simple dysplasia did not lead to dislocation but subluxation dic 
Genuine dislocation was almost unknown at birth. The cause of the dislocation was a basic failur 
of the component parts of the joint to develop in the foetus. 


Etiology and treatment—Mr H. W. Fitzgerald (New Zealand) said that the cause of the subluxatio 
or dislocation was most likely to be a neuromuscular imbalance which was of genetic origin. Ear! 
diagnosis was essential. In the later case—after nine months of age—correction of the anteversio 
was all-important. 


Frequency of congenital hip dysplasia and the effectiveness of early treatment—Professor-Dr Wiktor Deg 
(Poland) reported an investigation involving the examination of 36,000 newborn infants. Diagnosi 
was based on the jerk sign, limited abduction and pain on movements of the hip. The position c 
the leg was of value but asymmetry of the creases was not. In 1,331 some degree of dysplasia wa 
found, but only fifty-nine showed dislocation. Treatment was by simple abduction. In the dislocate. 
hips there were three failures, subsequently treated by operation. 


Etiology of congenital dislocation of the hip—Professor Dr Al Radulescu (Rumania) considered thi - 
the etiological factor which accounted for congenital dislocation of the hip was a muscular contractur : 
similar to that found in congenital torticollis. He thought it likely that this was caused by a viru; 
infection of the mother. Epiphysitis was characterised by hyperaemia and not by ischaemia, and wa; 
part of the same infection. 


Diagnosis and treatment of congenital dislocation of the hip in the newborn—Dr Sophus von Rose. 
(Sweden) said that examination of children at birth between 1952 and 1960 had resulted in thirty-nine 
cases of congenital dislocation of the hip being diagnosed. Treatment was by splintage in abductio: 
continuously for two to three months. Laxity of the joint capsule was the probable cause of dislocation 
and his colleague Dr Lars Andren had found that in children with dislocated hips there was an 
associated laxity of the pelvic ligaments generally which cculd be demonstrated radiologically. This 
might be associated with the relaxing parental hormones which developed before birth. 


Etiology and treatment of congenital dysplasia of the hip—Professor José L. Bado (Uruguay) said that 
the dislocation resulted from muscle contracture similar to those found in arthrogryposis. The 
adductors, flexors and lateral rotators were the muscles usually involved. After one year of age 
open reduction was to be preferred to closed. This should be accompanied by tenotomy of the 
adductors, obturator neurectomy and elongation of the psoas. 


Radiographic observations in the course of post-natal spontaneous evolution of dysplastic hips— Professor 
Dr Bodgan Brecelj (Yugoslavia) reported the findings in a review of 589 children aged nothing to 
twenty-one years from an area where congenital dislocation was common. Sixty per cent had 
normal hips and in 40 per cent theresa some degree of dysplasia. One hundred and forty-nine of 
these children were reviewed two yea ter without having had any treatment. In the majority 
dysplastic joints did not progress. Spontaneous reduction of a dislocated hip was found but was 
rare. 


The ease of reduction of the congenitally dislocated hip in relation to its prognosis—Dr J. Piollet and 
Dr M. David (France) reported their findings in 384 patients. They advocated manipulative reduction. 
If this was performed without difficulty and the hip became stable the result was usually good, but if 
reduction was difficult or the hip was subsequently unstable the result was usually poor. 


An operation for the unstable congenital dislocation or subluxation of the hip—Dr Robert B. Salter 
(Canada) considered that in all such cases the acetabulum was defective because it was, as a whole. 
facing the wrong way. He described an operation in which, after open reduction of the head into the 
acetabulum, the pelvis was divided immediately above the acetabulum by means of a Gigli saw passe! 
through the sciatic notch. The gap was widened anteriorly and a bone graft taken from the region 
of the anterior superior spine was wedged in it to keep it open. The position was stabilised by the 
introduction of a Kirschner wire and the hip was immobilised in plaster for six weeks. The longes! 
follow-up was two and a half years and so far the results had been very good. It was interesting tha! 
the anteversion angle did not need correction after the hip had been stabilised. 


Rotation of the acetabular roof in treatment of congenital dislocation of the hip— Dr Paul A. Pemberto: 
(United States) described an operation for rapid and certain correction of the instability of a dislocate 


hip. He carried out a partial osteotomy of the pelvis above the acetabulum, levering the lowe: | 


fragment down over the femoral head and keeping it in position by wedging in a bone graft. He hac 


found that the operation gave better results in a short time and with fewer complications than othe: | 


methods. 4 
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Experimental aspects of so-called congenital dysplasia of the hip— Dr William S. Smith (United States) 
described the results of experiments in dogs in which dislocation of the hips was produced. Typical 
dysplasia resulted from these artificial dislocations, whether the dislocation resulted from open 
operation or closed stretching of the capsule. If, after dislocation, some foreign object was put 
into the acetabulum in place of the femoral head dysplasia did not develop. These findings suggested 
that dysplasia resulted from the absence of the femoral head from the acetabulum and was not 
therefore primary. 


Gradual reduction in congenital dislocation of the hip in infancy— Dr Joseph E. Milgram (United States) 
emphasised the risk of avascular necrosis of the capital epiphysis from simple abduction of the hip 
in the infant. This was aggravated if the abduction was either excessive or produced by a rigid splint. 
If abduction by means of a foam rubber diaper did not produce reduction the hip should be reduced 
by gradual reduction. In eighty-one children he had found a well-leg traction plaster to be satisfactory 
and simple. 


Basic factors in the etiology of congenital dysplasia of the hip—Dr Beckett Howorth (United States) 
said that subluxation and dislocation of the hip were prevented by a strong intact capsule. Elongation 
of the capsule—perhaps from hormonal causes—was the primary factor leading to displacement. 
First the head displaced laterally, and later upwards. The capsule might be stretched in utero. The 
displacement might increase after birth. Other changes found in the acetabulum and femur were 
secondary. 


Is congenital dysplasia of the hip a forerunner of congenital dislocation ?— Dr H. R. McCarroll (United 
States) considered that subluxation and dislocation of the hip were two different entities. In the 
infant, manipulating the hip into abduction was usually sufficient to produce reduction but after 
eight months of age traction was necessary. In older children, six to eight years of age, surgery was 
necessary. 


General discussion— Dr Pierre Bertrand (France) said that it was important to decide at once whether 
reduction could be obtained by manipulation or if open reduction was necessary. Arthrographs were 
helpful in this. The type of operation must be decided for each individual case. Dr A. Lopez-Fernandez 
(Spain) advocated the use of open reduction. Professor Oscar Scaglietti (Italy), summing up, said that 
it was most important to find out what was the primary cause of the dislocation. Until we knew 
this, closed reduction must remain the usual method of treatment. But there still remained a few 
cases in which operation was necessary; in these, care must be taken to avoid damage to the joint. 
Professor Bryan McFarland (Great Britain) said that almost every view had been expressed and some 
needed further explanation. He had always opposed the use of arthrography and was interested in 
the risks of avascular necrosis when this procedure was used. He believed that capsular changes 
were secondary to the dislocation and not the cause of it. 


The Study of Osteogenesis with its Relation to Delayed Union and Pseudarthrosis 


Dr Harold B. Boyd (United States), opening the symposium, said that bone was a specialised 
form of connective tissue; this accounted for its ability to join by the formation of new bone, whereas 
other tissues all joined by fibrous tissue. The mechanism of bony union was at molecular level and 
was not yet understood. He reported 1,013 bone grafts in 842 patients with 94 per cent ultimate 
success though in sixty-four patients the operation had to be repeated. He gave a detailed analysis 
of the series. As would be expected,.pseudarthrosis was uncommon in the young, but when it occurred 
it should be regarded much as a congenital pseudarthrosis. In the results the highest rate of success 
was obtained by means of intramedullary nail and bone graft, and the lowest by plate and bone 
graft, but there was not so much difference between the methods as might be expected. The cause of 
failure in the tibia and forearm was usually infection, and in the humerus and femur fracture of the 
erafi. For union to occur osteogenesis was essential. This was promoted by contact, fixation and 
compression. It was further greatly helped by cancellous bone packed about the fracture. Experimentally 
and therapeutically, autogenous grafts were better than mamogencus ones and should always be used 
unless there was some contra-indication. 

Dr R. Judet (France), second opener, said that bone, being connective tissue, healed like any 
other connective tissue. Healing occurred in four stages: 1) initial resting stage, 2) proliferative 
hypervascular stage, 3) a recessive hypovascular stage, and 4) a stage of consolidation and cicatrisation. 
Non-union occurred if any of these stages failed to develop. If the vascular hyperplasia failed an 
avascular type of non-union developed, whereas if this stage persisted too long the connective tissue 
failed to mature and a hypervascular pseudarthrosis developed. As the vascular reaction subsided 
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the mineral salt content of the connective tissue increased. Environment played a big part in this 
sequence of events, which could easily be hindered by vascular damage, infection or the introduction 
of foreign materials. 

Dr J. Judet (France) described. a method of treating pseudarthrosis by compression, which 
released from the connective tissue between the bone ends certain substances which promoted union. 
It was necessary therefore that this connective tissue should not be damaged. Plaster fixation was 
unnecessary and sepsis was not a contra-indication. The compression could be combined with bone 
grafting.. Union occurred in uncomplicated cases in four months and in septic cases in six 
months. 

Professor Robert D. Ray (United States) said that experimental and clinical observations on bone 
healing were difficult to interpret. Individual reactions to trauma varied greatly but in general, provided 
the trauma was within reasonable limits, cell proliferation was stimulated. This reaction to trauma 
had been used clinically in many ways. Intermittent compression acted as a stimulus but the effect 
of continuous compression was still unknown. Evidence supported the view that when bone was 
transplanted a certain number of cells survived, though this depended on the type of graft used. 
Rapid dehydration reduced this variability. A dead bone transplant afforded immobilisation, acted 
as a barrier to scar tissue, and formed a matrix on which new bone could form. There was some 
evidence to suggest that this latter function was facilitated by decalcification of the graft. 


Observations on non-union in the shafts of long bones—Mr J. Francis Silva (Ceylon) stressed the 
importance of immobilisation in the union of fractured long bones. In Ceylon fractures were often 
treated at first by untrained practitioners who applied inadequate splintage. The movement resulted 
in a false joint with a large gap. To obtain union wide excision and grafting were necessary. He 
demonstrated several examples. 


Treatment of non-union in long bones—Professor R. Merle d’ Aubigné (France) agreed with the views 
of the openers. Non-union of the humerus was rare unless reduction had been carried out. Then 
the non-union was usually due to sepsis. Many of his cases were in war-wounded patients who had 
been treated under bad conditions. Sepsis was the commonest cause of non-union. Out of 978 
operations on 814 pseudarthroses bony union was finally obtained in 94 per cent. In the femur and 
the humerus a nail plus an autogenous onlay graft was the best method in the absence of sepsis. 
This method was less good in the tibia and forearm. He had found the inlay graft unsatisfactory. 
Good bone contact and prolonged immobilisation were necessary for union. 


Treatment of pseudarthrosis of the leg by inter-tibio-fibular grafts— Dr J. D. Ramadier (France) described 
an operation in which non-union of the tibia could be repaired even if some sepsis was still present. 
Tibio-fibular synostosis was performed at the fracture site, the graft being applied to the front of the 
fibula and the back of the tibia. Thirty operations had been done. 


Storage of bone—Professor E. Guntz (Germany) said that deep-freezing was the best method but 
that some other method was often more practical. He described the use of ** Cialit *’ solution in the 
preservation of bone grafts. The grafts were removed aseptically and cleared of all soft tissue. They 
were placed in the solution and were ready for use three weeks later. They had remained sterile for 
up to three years. Animal experiments had shown that these grafts were a little slow to incorporate 
at first but in the end were as fast as any other homogenous bone. They had been used in 800 
operations. 

Professor K. Idelberger (Germany) described another method of preserving bone. In this the 
grafts were placed in special cases and immersed in “ Palacos”’ preserver. This set hard with the 
graft in the centre of the block, which could be stored at room temperature. The grafts were almost 
as good as deep-frozen bone. 


Treatment of pseudarthrosis by intramedullary nailing— Professor G. B. G. Kiintscher (Germany) said that 
non-union resulted from inadequate immobilisation. The ideal method of fixation was by an 
intramedullary nail. Two factors were important. The nail must be strong enough and the diameter 
must be elastically compressible. The fracture line should not be disturbed. If the medullary cavity 
was obliterated it must be reamed out: he used flexible reamers passed over a guide wire. The reaming 
promoted the development of callus. 


The use of homoplastic and autoplastic bone transplants—Dr Max Lange (Germany) discussed the 
relative values of different methods of bone grafting and intramedullary nailing. Experience in 1,500 
cases of pseudarthrosis suggested that under good conditions there was little to choose between 
autogenous and non-autogenous bone. Intramedullary nailing in itself was not entirely satisfactory 
but perhaps the reaming described by Kiintscher would produce better results. Intramedullary nailing 
combined with onlay grafts was good in the femur and humerus but less good in the tibia. 
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‘' he use of bone grafts in malposition and non-union of fractures of shafts of long bones—Mr R. CG. 


sylor (Great Britain) reported seventy-two bone-grafting operations in sixty-eight patients. These 
- ere taken from a total of 16,700 fractures treated between 1950 and 1955 at Oxford. The bone 
afted most often was the tibia; next was the radius; and thirdly the femur. He advocated the use 
‘the sliding graft whenever possible. If a further portion of graft.was available it should be laid 
_ ongside the fracture and any gaps filled with cancellous bone. If alignment was satisfactory the 
- yrous union was not disturbed... There were only two failures, both due to sepsis. 

Dr Antonio Hernandez-Ros (Spain) said that for bony union the graft must be living. The blood 
pply must be restored to it as quickly as possible to reactivate the osteoblasts. This might be 
omoted by decalcification or by producing tiny fractures in the cortex to allow blood vessels to 
netrate from the soft tissues. 


" se vascular role of reparative osttbgenesio—Profesaet J. Trueta (Great Britain) in general supported 
e views of Dr R. Judet and Dr J. Judet, but had himself found little evidence to support the idea 

‘* hyperaemic”’ non-union. Vascular penetration of the bone from the surrounding periosteum 
as the deciding factor and the vascular wall took a most active part in producing new bone beyond 
t .e preliminary state of calcified cartilage. The nutrient artery was always ruptured in a fracture and 
became thrombosed. The periosteum was raised from the bone so that the ends of the bone died. 
( artilage developed on the ends of the bone and was invaded by blood vessels. Bone union depended 
oa the ability of these vessels to invade the cartilage and dead bone. 7 


(steogenesis and pseudarthrosis—Dr Carlo Marino-Zuco (\taly) reviewed the process of fracture 
healing from haematoma formation via osteoid formation to final calcification and consolidation, 
lf cartilage or fibrocartilage was found it was the result of some extrinsic factor which had disturbed 
the normal sequence. In pathological fractures the process was different because the bone ends were 
separated by infective or neoplastic material instead of clot. He defined retarded consolidation as 
delay in union beyond what would be expected for a given fracture and retarded pseudarthrosis as 
not only delay in union, but when certain radiological changes were present. In retarded consolidation 
union might result from further immobilisation but in retarded pseudarthrosis surgery was always 
necessary. 


The Chutro-Phemister bone graft— Professor Carlos E. Ottolenghi( Argentine) said that the Phemister graft 
was well recognised as a means of bone grafting. Dr Chutro had in fact described this type of grafting 
many years ago and he felt that it should be renamed the “ Chutro-Phemister ” graft. The principles 
were: 1) an autogenous cortical graft was taken with a chisel; 2) it was placed across the fracture 
subperiosteally; 3) fibrous union was not disturbed; 4) there was no metallic fixation; and 5) 
immobilisation must continue until consolidation. 


Biomechanical principles in osteosynthesis of pseudarthrosis— Dr Maurice E. Muller (Switzerland) said 
that firm compression of a pseudarthrosis would stimulate union. Under influence of pressure 
fibroblasts were transformed into osteoblasts and grafts were unnecessary. He described a special 
plate which provided firm fixation and compression. 


Osteogenesis and delayed consolidation in non-union of long bones— Professor C. Casuccio (Italy) had 
investigated the chemical changes found in pseudarthroses. The fibroustissue contained reduced collagen. 
As a result of changes in the quantitative chemical analysis and metabolism the proteic matrix would 
not undergo calcification. 


The contact-compression factor in osteogenesis—Dr G. W. N. Eggers (United States) said that the 
healing of fractures was obtained by complete metaplasia of the anaplastic fibroblast. This was 
affected by certain physiological factors and was undoubtedly stimulated by compression. He described 
an experiment which clearly demonstrated this. The best force of compression was that resulting 
‘rom voluntary muscle tone which should be utilised whatever method of immobilisation was employed. 
Care must be taken that any form of internal fixation did not interfere with this factor of 
‘ompression. 


_?romotion of osteogenesis and prevention of delayed union and pseudarthrosis of long bones— Dr Edward L. 


Compere (United States) said that substances taken by mouth or injected locally into the fracture would 
10t help bony union. The most important factor was the preservation of the blood clot. Open operation 
should never be done unless there was some strong indication for it. Rigid immobilisation was not 
1ecessary for union and any rigid internal fixation that prevented continuous compression might 
rause delay. If compression was too powerful it would cause bone absorption and delayed union: 
he ideal degree was that provided by the tonic contraction of muscles. Early weight bearing was a 
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further stimulus. If a fracture had to be opened it was logical to try to promote union by removing 
chip and sliver grafts from the adjacent bone and laying them across the fracture. 


Pathogenesis and treatment of pseudarthrosis of long bones— Dr 'S. Teneff (Italy) advocated that the 
pseudarthrosis should not be touched but should be bridged by an autogenous graft impacted at 
both ends. Internal fixation should be avoided. 


Teaching and Training in Orthopaedic Surgery and the Organisation of Hospital Services 


Sir Harry Platt (Great Britain), opening the symposium from the Chair, said that orthopaedic 
surgery had obtained a large slice from the break-up of general surgery. This fragmentation had its 
disadvantages in the formation of specialised societies which did not meet each other, and in premature 
specialisation. There was a great need for closer integration, and orthopaedic surgery as a major speciality 
should lead the way. All young surgeons, whatever their aim, should have a common training up tc 
a certain stage. In Great Britain this had been done through the Royal Colleges and the Health 
Service. The first stage lasted three years until the Final Fellowship had been obtained; it comprised 
general training, including one post in casualty. The second stage of special training was for at least 
four years. There should be an emphasis on basic sciences and on training in the techniques of research 
The orthopaedic surgeon should have practical training in trauma of all kinds, in “* cold ** orthopaedic: 
and in rehabilitation, and should gain specialised knowledge of neurology and paediatrics. Orthopaedic 
surgery required academic status in the universities so that the orthopaedic surgeon had equal status 
with the other professors. He opposed isolation. 

Professor R. Merle d’ Aubigné (France) said that the great problem in service organisation was to 
énsure that the greatest number of patients got into the right hospital. Many minor conditions did 
not require the services of an orthopaedic specialist and could be dealt with by a general surgeon or 
general practitioner with special experience. It was often necessary for the initial treatment to be 
given by general surgeons or general practitioners, especially in rural areas or in the small urban 
centres. In the large cities specialised centres should be available for reconstructive surgery, the 
treatment of congenital abnormalities, neurosurgery and surgery of the hand. These centres should 
provide teaching for those doing general work in the smaller units and provide facilities for research. 
The general practitioner should have one year in hospital concentrating on diagnosis and emergency 
treatment. The general surgeon should have this training as well as practical training in the minor 
conditions. The specialist required at least six years’ training, three of which should be in ee 
surgery. Too early specialisation should be avoided. | 

Professor M. Hackenbroch (Germany) described the teaching of orthopaedics and accident surgery 
for the undergraduate and the postgraduate, and for those in the special unit. Training in genera! 
surgery was important. 

Dr Carlo Marino-Zuco (Italy) said that in Rome the teaching and direction of treatment in 
400 beds was entrusted to the professor and his staff. Four hundred students attended each year. 
The course consisted of three lectures a week and the students were divided into small groups under 
the immediate instruction of senior assistants in the examination of patients and practical treatment. 
For those intending to specialise facilities for research were available. This type of instruction could 
be given only in a centre specially equipped for this type of work. 

Dr Harold A. Sofield (United States) said that it was important that ideas on teaching in different 
countries should be exchanged; but a system that was satisfactory in one country might not be suitable 
in another. In the United States there was no division between orthopaedics and traumatology. 
Teaching in orthopaedic surgery began in medical colleges but often insufficient time was allotted 
to it. Qualification was on average at age twenty-six years, followed by one or two years’ internship. 
Four years of intensive specialised training followed; so no man was qualified as a specialist unti! 
the age of thirty-one or thirty-two. One year of general training in surgery was required, six months 
in fracture work and six months in basic sciences. The institutions for training in orthopaedics were 
selected and supervised. Examinations were divided into two parts. Part I in anatomy, pathology, etc.. 
was taken at the start of specialised training, and part II four years later. These regulations were 
laid down by the American Board of Orthopaedic Surgery, and the severe qualifications establishe: 
by this Board had raised the standard of orthopaedics generally. There was a shortage of orthopaedi. 
surgeons, and consequently it was difficult to obtain adequate teachers. 


Orthopaedic and fracture service, Dunedin Hospital and Otago Medical Centre—Mr H. W. Fitzgeral | 
(New Zealand) said that in New Zealand orthopaedics was considered as one of the two main divisior s 
of general surgery; so its teaching was integrated with that of general surgery. Three years of specialise ! 
training were necessary. In the last year the role of apprenticeship was dominant. After graduatio 1 
one year as an intern was served. w 
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Teaching and training at the New York Orthopaedic Hospital— Dr Alan DeF. Smith (United States) 
said that three years’ residency in orthopaedic surgery was essential. But before this the graduate 
must have had a minimum of two years’ training in general surgical subjects. During the three-year 
period of training each resident had a short period as senior resident. The training course comprised 
a study of basic sciences, attendance in wards, out-patient clinics and follow-up clinics. Operative 
technique was taught by the resident assisting his senior in operations on private patients but by the 
senior assisting the resident with operations on ward or service patients. 

Professor Lorenz Béhler (Germany) said that the organisation of hospital services in many cities 
was quite inadequate, as were the facilities for treatment of the injured. He recommended centralisation 
of complete and self-contained accident units with a “ Chief of Unit *’ who should be capable of 
treating all types of casualties. Outlying hospitals with more than a hundred beds should have 
independent casualty wards and a ** Chief of Unit.” Smaller hospitals should be staffed with a general 
surgeon with not less than two years’ casualty training. Large industrial centres should have special 
casualty hospitals and university training centres should have a traumatic faculty with special training 
in this aspect of surgery. 


Some Other Papers 


Treatment of chronic osteomyelitis of the limbs— Dr José Valls, Dr E. Bremner and Dr A. M. Sequers 
(Argentina) described their results in treating chronic osteomyelitis by excision of scar, sequestrectomy, 
curettage, filling the cavity with bone chips, antibiotic therapy and skin-plasty, all in one stage. A 
cross-leg flap was to be preferred when possible. 


Early primary chronic osteomyelitis— Dr Herbert Gardemin (Germany) described a type of primary 
chronic osteomyelitis which affected the metaphysial and epiphysial regions. Very slow progress and 
indefinite symptoms made early diagnosis difficult. Nevertheless early diagnosis was important if 
treatment was to be satisfactory. Early diagnosis usually depended on radiography. 


Septic arthritis of the hip in infants—Mr Denys Wainwright (Great Britain) reported the findings in 
sixty-nine infants with septic arthritis of the hip. Early diagnosis was important, but even now, in 
spite of antibiotics, avascular changes still sometimes occurred. Treatment had been by wide-range 
antibiotics, aspiration, sometimes arthrotomy, and immobilisation in abduction. A remarkable 
degree of recovery often took place in the femoral head. If necessary stability could be increased 
in the small child by bifurcation osteotomy, cup arthroplasty or implantation of the upper end 
of the fibula to replace the upper end of the femur; in older children by arthrodesis, shelf or 
osteotomy. 


New concept on the Monteggia lesion— Dr J. A. Nova Monteiro (Brazil) described four types of Monteggia 
lesion. Type I in children with anterior angulation of the ulna and dislocation of the radius. This 
was treated conservatively and had a good prognosis. Type II in adults was characterised by posterior 
angulation and dislocation and gave bad results. In type III, in children, there was lateral dislocation 
of the radial head with fracture of the ulna. Good results were obtained with conservative treatment. 
Type IV was the same as type I, but in adults. Open operative fixation was required and the prognosis 


was poor. 


A new technique of surgical immobilisation of the bone— Dr R. Soeur (Belgium) described a method of 
immobilising fractures of long bones by means of wire loops passed through the bone and straight 
wires passed through the loops. Two straight wires were all that were necessary unless the bone was 
comminuted, when four were better. 


Implantation of the fibula in diaphysial bone defects of the tibia—Professor Domingos Define (Brazil) 
described a method of tibio-fibular synostosis in which one end of the fibula was implanted into the 
medullary canal of the upper fragment of the tibia. This brought the shaft of the fibula into close 
contact with the lower fragment, to which it was firmly fixed with a stainless steel suture. 


Epidemiology of fracture in old persons— Dr Géran C. H. Bauer (Sweden) said that technical skill in 
the treatment of fractures had reached a high standard, but fractures of the upper end of the femur 
still presented a great problem. This fracture was increasing in frequency. He had reviewed 956 such 
fractures. The ratio of women to men was 3-5 to 1. The incidence of fractures of the femoral neck 
in women was approximately doubled with each five-year increment in age. Of 1,192 fractures of the 
lower end of the forearm up to the age of forty-five there was a slight preponderance of males but 
after this age women predominated by 7 or 8 to 1. His findings showed a lag of fifteen years between 
the rise in incidence in fractures of the forearm and fractures of the femoral neck. These groups 
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of patients suggested that future research might reveal that fracture in the aged is a symptom of 
preventable metabolic disease and the cause should be sought twenty years before the fracture 
took place. 


Intertrochanteric osteotomy and bone graft for non-union of fractures of the neck of the femur— 
Dr Waldemar Rosa dos Santos (Brazil) described the value of high osteotomy in the treatment of 
delayed union or non-union of fractures of the neck of the femur. Even when the head of the femur 
was adequately supported by the displaced shaft union was uncertain. Results were improved by use 
of a bone graft from the osteotomy to the head. It was doubtful if metallic internal fixation was 
helpful in promoting union. 


Resection-angulation of the upper end of the femur—Dr Rene Charry (France) advised excision of the 
femoral head and neck for osteoarthritis of the hip as a preliminary stage, with an angled osteotomy 
two weeks later. The osteotomy was fixed with a short plate so that walking could be started before 
union had occurred. The two-stage operation allowed an accurate correction of rotation to be made 
at the second stage. 


Adduction osteotomy for osteoarthritis of hip—Dr Maurice E. Muller (Switzerland) discussed the 
treatment of the old subluxated hip with adduction deformity. If by wide abduction after adductor 
tenotomy the femoral head could be centralised adduction osteotomy gave better results than abduction 
osteotomy. 


Hyperextension subtrochanteric osteotomy—Dr A. Glauber (Hungary) said that subtrochanteric 
osteotomy was the only operation which improved the long-established congenitally dislocated hip. 
Even then the results were not always satisfactory. By producing hyperextension at the osteotomy 
and thereby correcting the lordosis and centre of gravity the results were improved. The method for 
estimating the correct angulation was described. 


Treatment of the paralytic hip—Professor M. Hackenbroch (Germany) said that muscle transplants 
were unsatisfactory for paralysis of the hip and that osteotomy gave better results. When no 
subluxation was present the osteotomy might be either varus or valgus but in the presence of subluxation 
it should be in varus. A deficient acetabulum required an acetabuloplasty. 


Use of the iliac crest as a full-thickness graft in spinal fusion— Dr Augusto S. Besa (Philippines) described 
a method of spinal fusion in which a full-thickness graft from the iliac crest was split at both ends so 
that it could be fitted on to the suitably prepared spinous processes. This ensured good apposition 
of graft and bed. 


Congenital scoliosis—Dr Walter P. Blount (United States) said that it was a misconception that 
congenital scoliosis did not get worse. Curves that were caused by one or more hemivertebrae usually 
remained unchanged, but those associated with spina bifida occulta were unpredictable. The really 
vicious curves developed when there was failure of differentiation of the posterior elements including 
laminae and spinous processes, but with the vertebral bodies well formed. These spines should be 
grafted very strongly as soon as it was possible. If a congenital postero-lateral undifferentiated bar 
was present it should be divided. 


Significance of osteochondrosis vertebralis juvenilis in spinal pathology—Mr R. W. Butler (Great 
Britain) said that the importance of osteochondrosis in youth should not be underestimated. It led 
to secondary degenerative changes in later life. All regions of the spine could be affected. The thin 
vertebral end plates often slowly developed the small ring epiphyses. The centre remained weak and 
was liable to rupture under stress, allowing the disc to herniate through. The herniation extended 
forwards and prevented growth of the anterior part of the body, with consequent wedging. The 
increase in the antero-posterior diameter was unexplained, but was important in differential diagnosis. 
Changes in the cervical region were at first very small and often went unobserved for a longtime. , 


Effect of controlled accelerations on stress-strain phenomena in the intact vertebral column— Dr F. 
Gaynor Evans (United States) described an experiment in which an embalmed human body was 
subjected to high degrees of acceleration such as are found in emergency escape apparatus used in 
high performance aircraft. By means of stress gauges attached to certain vertebrae it was possible 
to determine the best ways in which damage to the vertebral column could be avoided. > 


Eosinophilic granuloma of bone—Professor C. Casuccio (Italy) described his findings in the study of 
twenty-one cases of eosinophilic granuloma. From this he concluded that from the clinico-pathological 
aspect the disease was characteristically a benign granulomatous proliferation of reticulum cells and 
was a distinctive disease entity. 
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Surgical treatment of the arthritic knee with emphasis on the correction of flexion deformities— Dr Roger 
Gariépy (Canada) discussed methods of correcting flexion contracture of the knee in rheumatoid 
arthritis. Arthroplasty might correct the deformity. Synovectomy should be done more frequently 
but sometimes the contractures could not be overcome. Forcible straightening often caused 
complications. Patients with rheumatoid arthritis did not stand multiple operations well and he 
advocated a high osteotomy of the tibia as the surest method of correcting a flexion deformity. 


Indications for early surgery in cerebral palsy—Dr Lenox D. Baker (United States) advocated the 
early surgical correction of deformity when it could not be maintained by the simplest appliances. 
If left too long the deformities would become fixed. Careful selection of patients and well controlled 
rehabilitation were essential if the operative procedures were to be successful. 


Osteotomy of the calcaneum for grossly everted feet with particular reference to cerebral palsy—Mr F. C. 
Dwyer (Great Britain) said that although most children with flat feet responded satisfactorily to 
treatment there were a few in whom the deformity persisted or got worse. The grossly valgus feet 
formed in cerebral palsy greatly handicapped the child. He described an osteotomy of the calcaneum 
in which the distal fragment was wedged into exaggerated inversion. Remarkable improvement in 
the shape and function of the foot had been obtained. 


Congenital talipes equinovarus— Dr R. deMarneffe and Dr G. Hendrix (Belgium) considered that the 
chief factor in persistent club foot was the loss or even reversal of the lateral arch of the foot. Unless 
this was corrected the deformity could not be fully overcome. This could be done by an osteotomy 
of the cuboid bone, after which there was an instant and remarkable improvement in the shape of 
the foot. 


Repair of ruptured calcaneal tendon with particular reference to old injuries—Mr D. L. Savill (Great 
Britain) described two groups of cases of rupture of the calcaneal tendon. In group | sixteen fresh 
ruptures had been treated by. simple suture, and in group 2 nineteen old ruptures had been treated 
, by strip repair. The probable cause of rupture was likely to be a neuromuscular incoordination combined 
with hypertrophy of the calf. The strip repair operation was described. The results showed that 
nine patients in group | and seventeen in group 2 were subsequently able to stand on tiptoe. 


Muscle origin release operation for congenital elevation of the scapula— Dr Joseph Woodward (United 
States) said that in this condition one-third of all patients had a chondro-osseous bar which extended 
from the upper margin of the scapula to the spine. He described an operation in which this bar was 
excised and the scapular muscles were detached from the spines and, with the scapula depressed, 
reattached at a lower level. He showed some excellent results. 


Study of peripheral circulation in poliomyelitis—Dr Rafael Esteve (Spain) described experiments 
designed to demonstrate the mechanism of circulatory changes found in paralysed limbs. Assessment 
of the relation between vasomotor reaction and varying degrees of paralysis showed that the changes 
were most frequently abnormal in paralysed extremities but sometimes it was found that the greater 
changes were to be found in the opposite unparalysed limb. This suggested that mechanisms other 
_ than muscular paralysis were at work. 


Experimental induction of congenital defects—Dr P. K. Duraiswami (India) described a continuation 
of his experiments in inducing congenital defects in chickens by injecting a variety of teratogenic 
agents. Substances as simple as lithium ions or as complex as insulin would interfere with the chemistry 
of the cells. He illustrated his findings with many examples. 


Extensive periosteal change complicating transection paralysis from myelodysplasia— Professor G. Exner 
(Germany) said that heterotopic soft-tissue calcification associated with transection paralysis had 
usually been described in relation to a traumatic lesion. He described two cases in which the transection 
was the result of myelodysplasia. Calcification following weight bearing was ascribed to trauma: 
the bones were very decalcified and it seemed likely that small spontaneous fractures developed. 
Persisting with mobilisation and activity caused the ossification to regress. 


Orthopaedic and traumatic skeletal lesions in ancient Egyptians— Dr Philip Salib (Egypt) said that our 
knowledge of ancient Egyptian medicine came from ancient temple walls and monuments, and from 
statuettes and papyri. Talipes, achondroplasia and other deformities were found. Rickets wasuncommon. 
Deformities possibly due to infantile paralysis were shown in drawings. Syphilis was unknown 
but Pott’s disease, usually in the lumbar spine, was seen. Sepsis of bones and joints was rare, possibly 
because of death before changes were established. By far the commonest disease was spondylitis 
deformans. Traumatic lesions were fairly common. The left forearm bones were the most commonly 
involved. Trephining for fractures of the vault of the skull was found. hens quoted ancient instructions 
for reducing a fractured clavicle and fractures of the nose. 
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Pedicle bone graft in hip arthrodesis— Dr Knud Jansen (Denmark) described a method of arthrodesis 
of the hip in which the greater trochanter was used as a pedicled bone graft. The trochanter was 
detached but its muscle attachments were left intact so that it continued to bleed. The articular 
surface of the joint was excised and the joint stabilised with a nail. It was then bridged by the pedicle 
graft. Fusion was obtained after three months in plaster. Seven operations had been carried out 
and all were successful. 

Some problems of bone grafting for loss of bone substance—Dr Lazo Shulutka (Russia) said, that 
pseudarthrosis should not be considered only as a local condition and that the general changes 
which took place in the metabolism of the body must be considered and if possible corrected. He 
pointed out the different trabecular structure and function to be found in weight-bearing bones as 
compared with non-weight-bearing bones. Grafts should be thick and deep, and would take two or 
three times as long to become incorporated as a similar closed fracture would take to unite. 
Compound fractures should not be grafted within six months of active infection. 


Spinal fusion for scoliosis—Dr Zoya Bazileuskaya (Russia) described a method of spinal fusion using 


autogenous grafts cut from the iliac crests. These grafts were implanted subcutaneously in the thigh 
for one or two months before being placed in the spine. This method gave a durable fusion and 


no corset was needed. 
BUSINESS MEETING 
At a business meeting held during the Congress Professor Bryan McFarland (Liverpool, England) 
was elected President of the Society in succession to Dr Jean Delchef (Belgium). It was agreed that 
the next Congress should be held in Vienna, Austria, in 1963. 


ANNOUNCEMENTS 


BRITISH ORTHOPAEDIC ASSOCIATION 


MEETINGS IN 1961 
As previously announced the spring meeting of the British Orthopaedic Association will be held 


in Manchester from April 13 to 15. 
The autumn meeting will be held in London from September 28 to 30, 1961. Members of the 


Italian Society of Orthopaedics and Traumatology have been invited to attend this meeting. 

Those who wish to submit papers for possible inclusion in the programme for the autumn meeting 
are asked to send a précis of about 400 words (five copies) to the Honorary Secretary of the British 
Orthopaedic Association, 47 Lincoln’s Inn Fields, London, W.C.2. The closing date for receipt of 
papers will be May 31, after which it will be too late for the Programme Committee to consider 
further submissions. 

ROBERT JONES GOLF COMPETITION’ 

The competition for the Robert Jones Golf Cup will be held. at Hopwood Park Golf Club, 
Middleton, Manchester, on Wednesday, April 12, 1961, at 2 p.m. > 
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_ inciples of Orthopaedic Surgery. By Paul C. COLONNA, M.D., Professor pf Orthopaedic Surgery, 
Emeritus, University of Pennsylvania Medical School. Revised edition’ 947 in. Pp. x +799, 
with 500 figures, 10 in colour. Index. 1960. London: J. & A. Churchill Ltd. Price 150s. 


- This book has changed its format, its name and its publisher, but is an expansion and further 
« velopment of Regional Orthopaedic Surgery published in 1950. There are chapters on the physiology 
« .d pathology of bone, neuromuscular disabilities, and tumours of bone, but the main part of the 
t .ok is still on a regional basis. It is a reflection of the author’s personal experience and is written 
t help the general practitioner as well as the specialist in bone and joint surgery. Emphasis is placed 
©. trauma as well as the chronic condition. 

The chapter on the pathology of bone is one of the best in the book and is very complete and 
well illustrated. Brucellosis, Hansen’s disease and bone changes of endocrine origin are adequately 
described. 

Many surgical procedures have been advocated for correction of recurrent dislocation of the 
shoulder and are named here but without description, and the advice is that the operative procedure 
must be chosen in accordance with the pathological lesion found at the time of exploration. This 
is not particularly helpful for the young surgeon. Kocher’s method of reduction is advocated for 
reducing a dislocated shoulder. The importance of bicipital tendinitis in the production of the frozen 
shoulder is discussed and fixation of the tendon in its floor advocated to decrease pain and promote 
recovery. This is done through an S-shaped incision, presumably to lessen the likelihood of a keloid scar. 

As one would expect, congenital dislocation of the hip is one of the best sections of the book. 
The author does his derotation of the femur at the supracondylar area and in the young child apparently 
by a closed ** manual ” method. The limbus does not get much attention. A good description of the 
operation for deepening the acetabulum is welcome. A similar operation was described by Hey 
Groves about forty years ago but never achieved the popularity that Colonna’s method has. For the 
maintenance of reduction in the treatment of a slipped upper femoral epiphysis a Smith-Petersen 
nail is used, although in this country pins of a less damaging nature are preferred. 

Three operations are suitable for the treatment of hallux valgus but are not described, nor does 
the author state any preference, though in the treatment of hallux rigidus he says that sometimes a 
Keller type of operation is necessary and there he describes the operation. There is no mention of 
fusion of the joint as a method of treatment for the rigid type of hallux. 

The term “* Charley horse’ is defined as soreness or stiffness of muscle after strain, and the 
condition and its treatment are adequately described. 

This book will certainly be of considerable value to the general practitioner; the author states 
in his preface that this is his desire; for an orthopaedic surgeon the book would be a little sketchy 
and with too little detail and advice. 

The book is very well produced—this time by an English publisher—and the illustrations leave 
nothing to be desired.—Walter MERCER. 


Casualty Services and their Setting. A Study in Medical Care. Prepared by the Nuffield Provincial 
Hospitals Trust. 84 54 in. Pp. viii+-135, with 3 figures and | 1 tables. 1960. London, New York, 


Toronto: Oxford University Press. Price 7s. 6d. 


Words: For fifty years there has been no lack of words to admonish individuals, hospital 
uthorities, the medical profession and the Government upon the needs for reorganisation of the 
-ccident and casualty services. From the time of the first agitation by the British Medical Association 
1 1912 there have been others by the same body; there have been interdepartmental committees; 
memorandum on the accident services by the British Orthopaedic Association in 1943; and a spate 
f further discussions and reports in recent years leading to the British Orthopaedic Association 
Memorandum of 1959 and now this report from the Nuffield Provincial Hospitals Trust. We know 
lso that two national committees are making further reviews. 
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1958 | A. MEDICAL | B. ASING 
Hospital | Range New Nes CONTROL 
as of Casualty | General OF Casyalty Medical Quality 

Ministry | Bed | Attendances | Trend ATTENDANCE Officer Off-Duty of Sister- 
Treat-| Cases Found over Medical 

ategory| Nos. (to nearest Quality Cover in-Charge 

1,000) ments in Sample Committee 
| 2 3 4 5 | 6 

Acute IV 26.000 1-66 2 Steady ie? 
Acute 9,000 349 05 \ ee 
Acute | IV 24,000 1-90 7 
Partly 

Acute Vill 23.000 15S | Not Obtainable Seeady 
ites 63,000 | 89 30 \ 
Special | $0,000 | 28 \ 

Acure | il 9.000 | 60 

Acute | 10.000 | 269 Ay — 

Acute | | 3.000 1-40 4 7 

Mainly 

| "| 10000 [iso] | 7 

A 

29,000 214 16 7 

Acute v 9,000 2-40 27 

Acute Hil 7,000 2-80 18 

Acute 9,000 2:26 12 re) 

Mainly 

Acute IV 21,000 1 80 7 

Acute ul 14,000 2 08 it Steady 

Acute | iil 18,000 2:17 Nil 

* RANGE OF NUMBER OF BEDS, KEY 
1-150 = 401-500 Vil 701-800 


-400 vi 601-700 1X Over 900 

In any consideration of this subject one is immediately struck by the different concepts aroused 
by the words: casualty and accident, Dictionary definitions make little distinction. It is time that we 
realised that this is one synonymous problem. Collapse from coronary occlusion, diabetic coma, 
alcoholic or other poisoning, abortion, epilepsy, etc., are just as much accidents or casualties as are 
cut hands, head injuries, ruptured viscera, fractures, or any acute joint derangement. In reception and 
organisation there is no logical dividing line between the needs of a patient with a perforated gastric 
ulcer and a compound fracture of the tibia; between concussion and acute retention of urine. In 1943 
the British Orthopaedic Association was wrong in suggesting otherwise. Casualty departments in 
hospitals were set up in the nineteenth century to render first aid and to organise further treatment 
for all these varied conditions: they were necessary for the poor and for those who, for one reason or 
another, did not have available the help of a general practitioner. The factor common to all such 
casualties is urgency, which often is genuine medically and is almost always so mentally to the 
patient. 

Upon the casualty services of this country the Nuffield report is gloomy and, one feels, does not 
give enough credit for the great improvements that have been made, in spite of much discouragement, 
in a large number of hospitals throughout the country. Nevertheless the report is an extremel) 
important one with its icy cold analysis of facts. In this regard it fills a deficiency to be found in the 
British Orthopaedic Association report. We need to know more of such facts and the Nuffiel’ 
Commission have shown us important ways of doing so. If the conditions revealed in this repor' 
were found comparably in factories or in the food services there would be a great public outcry an« 
the Government would take action: if it did nothing else it would set up an inspectorate. The presgn' 
report emphasises many of the features noted in the British Orthopaedic Association Memorandum 
the most important of which is that there should be a full twenty-four-hour service by doctors proper!) 
trained for work in casualty departments, with adequate consultant cover. The report emphasise 
that doctors working in these departments should be assured of the stability and importance of thi: 
phase of their medical career. While this is true enough of the present-day staffing arrangements, you: 
reviewer feels that some new thought is required about the type of medical men who should sta! 
casualty departments. While it is essential that there should be some new buildings which woul 
permit greater working efficiency, there is need for a new type of department and a new type of casualt: 
general practitioner: something organised as an intermediate service between a g.p.’s surgery and ; 
hospital department which would remove some of the unnecessary congestion of casualty department: 
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Comfort Sepsis and 
for Casualty Infection 
2 Problem Follow-up 
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with general practice work. For the hospital departments there should be more career appointments 
of non-specialist type for men who are both physicians and surgeons (with no prefix), who are good 
administrators, men of wide clinical acumen, practised in the problem of reception, immediate 
treatment and disposal of all types of urgent medical and surgical casualty. Such a man would work 
us part of the team, the captain of which would be the director of accident services. 

The grimness of much of the organisation and of the physical conditions in which casualty work 
is done can be shown by the excellent visual rating chart which is contained within the report. It is 
notable that whereas medical care is often deficient, the very high level of nursing responsibility is 
exeellent. The grave deficiencies in facilities should also be recognised. 

The Nuffield report asks that regional surveys should be carried out. While this is being done 
und while the Government is waiting for these and other reviews, it is urgent, as suggested by the 
British Orthopaedic Association, that a start be made to rectify some of the present difficulties. The 
needs of the country differ widely from place to place. 

Although in this review one has given vent to personal opinion, it must be emphasised that the 
Nuffield document is one which should be in the hands of every medical and surgical consultant. 
Also may we remember that while such reports present much self criticism they can be of great help 
in other countries, few of which have anything better to offer at the present time. 

Doubtless it is healthy that we should be critical, but a little international publicity for the great 
things of our National Health Service would not come amiss.—Norman CAPENER. 


‘rash Injuries. The Integrated Medical Aspects of Automobile Injuries and Deaths. By Jacob 
KuLowskI, M.D., F.A.C.S., F.1.C.S., Attending Orthopaedic Surgeon, St Joseph’s Hospital and 
State Hospital No. 2, St Joseph, Missouri. 9x7 in. Pp. xlii+1,080, with 533 figures and 67 

- tables. 1960. Springfield, Illinois: Charles C. Thomas, Publisher. Oxford: Blackwell Scientific 
Publications Ltd. Toronto: The Ryerson Press. Price £13. 


Injuries generally, and crash injuries from road accidents particularly, represent the first great 
‘ idemic in the history of surgery. All others have been ** medical,’ caused either by bacteria or 
\ ruses and have been sporadic. This one is man made, world wide and continuous, and is related 
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to the age of power and speed in which we live, work and play. Crash injuries from road accident 
have already accounted for more deaths in the United States than all the wars in the history of tha 
republic. In this country the road component of this epidemic has yet to reach its peak, but even no: 
is responsible for one-third of all deaths in males during the years of promise—between the ages c 
seventeen and twenty-five. 

In handling this first epidemic, surgery will have to reorientate its thinking and study new problem: 
It may even have to accept surgeons whose interest is not in treatment alone but in the close study of th 
causes and the nature of injuries in order to provide authoritative information leading to the: 
prevention. Dr J. Kulowski has written a long and ambitious work, bringing together for the fir: 
time a mass of valuable information, much of it extremely stimulating to further thought and, on 
hopes, action. The opening two sections of the book—the first on ** Biomechanics,” the study « 
the human body as a mechanical system, and the second on ** Pathomechanics,” relating the degree 
of violence to car occupants after crash impact to present American vehicle design—will, because th 
subjects are unfamiliar, present difficulties to most surgeons and many engineers. Yet these are som 
of the new subjects that the surgeon-epidemiologist must seriously consider. 

Crash Injuries contains valuable summaries of the findings of all major American studies, such a 
DeHaven’s early work on deceleration, the studies of experimental crashes made by the Institute o 
Traffic and Transport Engineering in Los Angeles, the work of Dye, the extensive surveys of th 
Cornell Group, including their prototype safety car, and the truly heroic experiments of Colonc 
J. P. Stapp on deceleration from high velocities. The forces assaulting the occupants of crash vehicle. 
are clearly defined and the tolerance of the human body to such violence is well described. 

Surgery has made great advances in the treatment of severe injuries and these are covered i: 
separate sections of this very comprehensive work. Yet it is quite clear, from the evidence produce 
in this book and from the experience of all surgeons in this country responsible for the immediatv 
care of the seriously injured, that far too many irreparable and fatal injuries still occur to car occupants 
and are still considered with complete complacency by the designers of modern motor vehicles in al! 
countries. For example, the Cornell safety car (illustrated in Figures 22, 42, 43a) was built some 
years ago after careful research into the causes of injuries to car occupants and incorporates safety 
design for preventing or lessening the severity of such injuries. Although the Cornell Group was 
sponsored by two. great American car manufacturing companies, such safety design has not been 
incorporated in any of their production models. The very few safety design features that have appeared 
from time to time in British cars have never been more than inadequate gestures, often to be forgotten 
in subsequent models. Yet the new science of safe packaging is already a well developed industry 
with principles that could be applied to the safer packaging of car occupants. Figure 424 on page 59 
is a good illustration of this point, an illustration that could with advantage be hung in the office of 
every Car company’s managing director. It shows one car of a three-car collision in which the occupants 
of all the cars suffered severe injuries; the car illustrated also contained a box of well packed eggs, 
most of which have not even been cracked. Who then convinces car manufacturers and the public 
generally of the need for safer car design? On the evidence of this work 15 per cent of those who 
now die from road accidents are killed outright and another 15 per cent die within four hours of 
their injury. From our own research we know that in one rural area of England over 50 per cent of 
those who die from road accidents are brought to the hospital dead. 

This book should be widely read by all surgeons interested in the many-sided aspects of this 
epidemic and will undoubtedly not leave them complacent about their responsibilities in the prevention 
of injuries. 

It is not an easy book to read for those on this side of the Atlantic. More thorough editing 
could improve its style and eliminate unnecessary repetition. Although the work has a large bibliography 
this does not give details of all the references used in the text. Its value as a book of reference is 
considerable; yet it does not contain an index, Having recently become involved in research into the 
causes of injuries to car occupants, I find it difficult to understand how Dr John O’ Moore (page 101) 


& 


compiled his statistics so accurately, relating in exact percentages car occupant injuries to specific. 


features of vehicle design. If these are informed guesses (as I suspect) they at least give a basis for 
further important research. It would seem that one of the responsibilities of surgeons is to study 
this matter if the very hard-headed car manufacturers are to be convinced of the need of safety design 
and the safer packaging of car occupants. 

Judging the work as a whole these are very minor points of criticism and should not detract from 
the book’s status as the most authoritative account of this important subject at present available, or 
likely to be available in the foreseeable future. Crash Injuries merits frequent reference by surgeons, 
design engineers and others interested in the prevention and treatment of injuries from road accidents. 
—William GISSANE. 


THE JOURNAL OF BONE AND JOINT SURGERY 


BOOK REVIEWS 209 


urgery in World War II. Neurosurgery. Volume II. Edited by R. Glen Spurtinc, M.D., and 

' Barnes WOODHALL, M.D., with eighteen other contributors. Prepared and published under the 
direction of Major-General S. B. Hays, the Surgeon General, United States Army. Editor-in- 
Chief: Colonel John Boyd Coates, Jun., M.C. 10x74} in. Pp. xxvi+705, with 286 figures (some 
in colour) and many tables. Index. 1959. Washington: Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C. Price $7.00. 


The second volume on Neurosurgery in this series produced by the Medical Department of the 
inited States Army deals with spinal and peripheral nerve injuries. An excellent and smaller first 
olume was concerned with the organisation of the wartime neurosurgical services and with head 
ajuries. 

Of the almost 600 pages of text (excluding appendices, etc.) in this second volume, over one-third 
ieal with spinal injuries and the remainder with those of peripheral nerves. The former section is 
‘oncerned with injuries of the spinal cord itself; the skeletal injuries that may occasion it, and which 
ire identical with those of civilian practice, are not considered. Cord injuries constituted 12 per cent 
f the neurosurgical casualties in the European theatre of operations, and the treatment of missile 
vounds is fully considered with emphasis upon the details of nursing care and the organisation of 
svacuation. The urological aspects of paraplegia are discussed in detail, and it is of interest that 

closed vesicle drainage with manual control (the Dukes apparatus of this country) was found to be 
more practicable than automatic (tidal) drainage. There is an excellent account of the work of the 
paraplegia centres established in the United States. The maintenance of the patients’ nutrition, care 
of decubitus ulcers and the late management of bladder and bowel function are described, and a full 
account of the programme of physical reconditioning is presented. There is interesting information 
upon the resettlement of these patients from Veterans’ Administration hospitals—the provision of a 
suitably equipped automobile and architecturally modified home formed an impressive part of this 
programme. Such provision, as well as the attitude of those caring for these terribly handicapped 
men, must have done much to support morale and been of inestimable value to the patient and his 
family. The goal of those in charge of these patients is well summed up in the aphorism: “ having 
added years to the lives of traumatic paraplegics, we must now above alf add life to their years.” 

In the comprehensive section dealing with peripheral nerve injuries one chapter reviews the anatomy 
of the commonly injured nerves and another the standard methods of investigation. The technique 
of nerve repair is clearly described. Other chapters deal with nerve injuries associated with severe 
soft-tissue defects, vascular injuries and severe bone injury. The problem of causalgia is well reviewed 
and the value of the appropriate sympathectomy in its relief described. A most valuable chapter 
deals with the correlation of clinical and pathological changes occurring at the site of the lesion in a 
series of 228 nerve injuries. From this study it is considered that the main obstacle to nerve regeneration 
is fibrosis. While scar tissue surrounding the site of nerve section and fibrosis in the nerve at the site 
of injury have obvious importance in this connection it is stressed that fibrosis within the nerve 
seondary to degeneration of nerve fibres has an importance not generally realised—and it can be 
prevented by effecting nerve suture as soon as possible after the extent of the lesion has become 
demarcated; that is usually about three weeks after injury. 

Not the least valuable feature of this excellent volume is the further indication it provides of the 
importance of organisation in not only teaching and research but in therapy itself. —J. E. A. O'CONNELL. 


Man’s Posture. Electromyographic Studies. By J. JosepH, M.D., M.R.C.O.G., Reader in Anatomy, 
Guy’s Hospital Medical School, London. With an introduction by H. Jackson BuRRows, M.A., 
M.D., F.R.C.S. 96in. Pp. x +88, with 23 figures. Index. 1960. Springfield, Illinois: Charles C. 
Thomas, Publisher. Oxford: Blackwell Scientific Publications Ltd. Toronto: The Ryerson Press. 
Price 44s. 


The first half of this book contains general statements about man’s erect posture and an elementary 
account of the apparatus used in simple electromyography. The more complicated problems such as 
those concerned with isometric and isotonic contractions, and the uses of action-potential counts, 
are not discussed. The second half gives an account of the behaviour of the muscles controlling the 
ankles, hips and knees in certain conditions, the findings of a number of previous investigators, and 
a summary of the author’s own observations when using surface electrodes. 

The conclusions, and these seem to be the purpose of the book, are that posture when standing 
at ease is maintained at the ankles and spine by muscular action, and at the knees and hips by ligaments. 
It may well be, as the author and others have found, that action-potentials cannot often be recorded 
in the buttock muscles when standing at ease (there seemed to be plenty in my own gluteus medius 
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some thirty years ago although there may of course have been a fault in the experiment). But, in an) 
case, before a postural role is given to the ligaments of the hip, it is necessary to explain how they 
manage to prevent movement when they are not under tension in the posture in question. The matter is 
however, of academic rather than clinical importance because few people stand at ease for long 
Posture is a dynamic not a static affair. The real problem is concerned with the maintenance (anc 
correction) of posture during movement and surely this is controlled by the central nervous system 
and executed by the muscles.—Philip WILEs. 


Lymphangiographie und Lymphadenographie der Extremitaéten. By Doz. Dr Fritz KAINDL, Wien: 
Dr Eva MANNHEIMER, Wien; Dr Lilly PFLEGER-SCHWARZ, Wien; and Doz. Dr Bruno THURNHER: 
Wien. Mit einem Vorwort von Prof. Dr K. FELLINGeR, Wien. 1148 in. Pp. viii+-71, with 
148 illustrations in 112 figures (some in colour). Index. 1960. Stuttgart: Georg Thieme Verlag. 
Price DM 39. 


This short volume joins the series of excellent editions on radiological and nuclear medicine. 
It is based on the work done by J. B. Kinmonth on lymphangiography first reported by him in 1952 
(Lymphangiography in Man. Clinical Science, 
11, 13) and subsequently reported in _ his 
Hunterian Lecture in 1954 (Lymphangiography 
in Clinical Surgery and Particularly in the 
Treatment of Lymphoedema. Annals of the 
Royal College of Surgeons of England, 15, 
300). 

After patent blue V is injected subcutan- 
eously it is taken up by the lymphatics, enabling 
them to be identified, so that a needle can then 
be inserted into a lymphatic for the introduction 
of 50 per cent Diodone in order to demonstrate 
radiographically the course of the lymphatics 
and the lymph glands. In this way considerable 
information can be obtained about the under- 
lying causes of lymphoedema. 

The primary lymphatic abnormalities are: 
1) underdevelopment, 2) obliterative lymph- 
angiopathy, 3) lymph varicosities—limited and 
diffuse, 4) Milroy’s disease, and 5) lymphangitis. 
The secondary lymphatic abnormalities are: |) 
secondary obliteration, 2) post-traumatic lymph 
cysts, 3) secondary lymph varicosities, 4) lymph 
abnormalities associated with thrombophlebitis, 
and 5) local injuries. 

Although the technique is not difficult, the 
information obtained is chiefly of interest to 
workers in a special field and those doing 


Fic. 97 research. This volume is principally concerned 
Each lymph node is served by a number of separate with disturbance of lymph flow, but it is 
lymphatics. obvious that the method has a role in the 


determination. of the lymphatic spread of 
tumours. For those interested, this littke volume with its beautiful illustrations is heartily 
recommended.—J. G. BONNIN. 


Lehrbuch der Orthopadie und Traumatologie. By Prof. Dr Max LANGE, Direktor der Orthopadischen _ 
Klinik und Universitatspoliklinik Miinchen. Band I: Allgemeine Orthopadie/Angeborene | 
Erkrankungen und Leiden. 108 in. Pp. xii+512, with 757 figures. Index. 1960. Stuttgart: . 


Ferdinand Enke Verlag. Price DM 118. 


Professor Max Lange continues to show amazing industry. To his recent comprehensive 1951 © 
monograph on the Operations of Orthopaedic Surgery he now adds the first volume of a new text-book | 
on orthopaedics and traumatology. This is evidently designed to be the modern successor of the © 
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.ssical work of his most distinguished uncle, Professor Fritz Lange, published in 1913. The volume 
. divided into two sections. The first, on general orthopaedics, includes a short historical introduction, 
‘lowed by a description of diagnostic methods and of conservative and operative therapeutic 
» o9cedures. In this section a considerable amount of useful information has been most skilfully 
ndensed. The second section on special orthopaedics is devoted to developmental affections of 
_2 skeleton and the classical congenital deformities, such as club foot, congenital hip dislocation and 
on. A substantial bibliography has been assembled, with perhaps an emphasis on the contributions 
Continental orthopaedic surgeons, although British and American references appear here and there. 
Professor Lange can keep successive volumes within the reasonable size achieved in Volume I, the 
> mplete text-book is likely to be a most welcome addition to the store of orthopaedic literature.— 
ury PLATT. 


f 
I 
I 


| » Syndrome D’Ellis-van Creveld. Une forme de dysplasie chondroectodermique. Discussion des 
limites de l’affection. By L. Dayer. (Bibliotheca Paediatrica fasc. 73.) 107 in. Pp. iv+59, 
with 18 figures and 4 tables. 1960. Basel and New York: S. Karger. Price S. fr. 12.50. 


This syndrome, which Ellis and van Creveld described first in 1940, is a congenital affection of 
tie skeleton and ectodermal systems characterised by polydactyly, a chondrodysplasia producing 
s iort-limbed dwarfism, the distal parts of the limbs being chiefly affected, and abnormalities of the 
tceth, nails and hair. There is commonly a congenital malformation of the heart, which is responsible 
for the early death of about a quarter of the patients. A host of other isolated congenital abnormalities 
have been noted in occasional patients but none often enough to warrant its inclusion as an essential 
part of the syndrome. 

This monograph gives a careful analytical review of the thirty-three examples reported in the 
literature and briefer comments on the many atypical cases lacking one or more of the classical 
abnormalities. Atypical examples, that do not display the full syndrome yet have some manifestations 
indistinguishable from those in typical cases, are to be seen in relation to most of the established bone 
dysplasias; they add confusion to an already sufficiently complicated subject, but are perhaps no 
more than the expression of their polygenetic origin, each dysplasia resulting from the combined 
effects of a group of genes from which a missing member or different grouping causes a variant. 
The author adds four new examples of his own, although in fact only two are certainly acceptable 
and one appears to be almost sirely a case of dysplasia epiphysialis punctata. The frequency with 
which consanguinity of parents has been noted confirms the original opinion of Ellis and van Creveld 
that the condition is genetic in origin and recessive in type. 

This condition is very rare: polydactyly—the extra finger is on the ulnar side of the hand—in a 
short-limbed child should suffice to make the orthopaedic surgeon suspicious and seek for the other 
abnormalities admirably described in this paper, the fullest yet published and an excellent source of 
reference.—T. J. FAIRBANK. 


La Coxarthrose. By E. J. Grasset. Pp. 247, with 64 figures. 1960. Geneva: Georg and Cie. 
Paris: Masson and Cje. 


With a preface by Professor E. Rutishauser, this book describes in a didactic manner most of 
the factors underlying the pathology of the hip joint in osteoarthritis. As may be expected of a work 
from Rutishauser’s department the histopathological material is first class and the vascular participation 
in the degenerative process is given the necessary attention, no mean achievement considering the 
lack of interest still shown by most pathologists in the vascular pattern and structure of the tissues. 
This exceptional attitude seems to be due to the perfusion method of preparing the specimens before 
examination by the light microscope, the only known procedure of maintaining—after fixation, section 
ind staining—some of the cell relationships which occur in the living organism. 

Dr Grasset presents the story of hip pathology in osteoarthritis in an attractive, readable manner 
studying each tissue separately, if not from the normal to the severely affected, as some may prefer, 
at least in an orderly, comprehensive way paved with numerous pathological observations. Like the 
vhole of the Geneva school, he belongs to the group of believers in the mechanico-functional etiology 
of the disease, and for this reason this book offers a particular interest to the orthopaedic surgeon. 
4 detailed analysis of the views expressed in this book would force the reviewer to disagree slightly 
ym occasion, but these views are all on points that are still debatable and do not in any way affect the 
righ quality of the work as a whole. 

The monograph is clearly written and well set out and should be within arm’s reach of all those 
responsible for the management and surgical treatment of osteoarthritis.—Joseph TRUETA. 
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La Rodilla. Clinica y terapéutica de las afecciones médicas, quirurgicas y traumaticas. (The Km e, 
A clinical description and treatment of its medical, surgical and traumatic conditions.) | \y 
J. Navés and P. Rusits. Pp. 552, with 333 figures. 1959. Barcelona: Editorial Cientific )- 
Médica. 


This is a comprehensive monograph by two distinguished orthopaedic surgeons, the senior >f 
whom (J. N.) has made the knee the object of his main interest for more than a decade. The authc ’s 
have been bold enough in their purpose to cover the field from embryology to prosthesis aft :r 
amputation below the knee. This thoroughness causes some unevenness of balance between chapte: ;, 
but this limitation is largely offset by uniformity of thought and style because the writers cover t e 
whole subject by themselves. 

Where the authors write with particular experience, as in the chapters on traumatic conditio..s 
of the knee, the interest of the book is enhanced and may appeal to orthopaedic surgeons everywher °. 
Other chapters are of less interest, but the reviewer has found many points well brought forwar |, 
particularly in descriptions of osteoarthritis of the knee and a good number of surgical technique .. 
Only one exception should be made to this generally sound clinical and surgical approach. This refe s 
to the chapter on osteomyelitis, where concepts discarded by modern standards of knowledge aie 
mentioned and a surgically passive attitude is recommended. This may explain why diaphysectom y 
is mentioned as a possibility in some cases, a revival which manifests the inability to control th: 
ravages of the disease in its early stages. 

This limitation aside, we have found pleasure and profit reading this book which is well edite.! 
and illustrated. An extensive bibliography, mostly Anglo-Saxon, makes this book an excellent 
contribution to the study of the knee joint.—Joseph TRUETA. 


Experimentelle Grundlagen fiir den Aufbau Einer Neuen Knochenbank. By Dr Med. Armin 
BAUERMEISTER. Mit Einem Geleitwort von Prof. Dr R. WANKE. 6} 9 in. Pp. ix+145, with 
60 figures and 3 tables. 1958. Berlin, Gottingen and Heidelberg: Springer-Verlag. Price DM 29.60. 


This monograph, from the University surgical clinic at Kiel, describes experimental studies on 
which the author has based procedures for the preparation and preservation of bone bank materia! 
for clinical use. Considerable attention is given to bone which has been bereft of all soft tissue and 
marrow components by treatment with water, pancreatic extract,.or some chemical agent, and bereft 
also of its lipoid material by extraction with a fat solvent, and which has been sterilised and packed 
for use as a bone grafting material. 

To test the biological properties of materials prepared by a variety of procedures of this sort 
Bauermeister has adopted a technique developed by Maatz and referred to as the “ spongiosa test.” 
In dogs a cylinder of bone 5 millimetres in diameter is removed from the cancellous bone and a similar 
cylinder of the material to be tested is inserted. At the end of the experimental period histological 
sections are prepared to include the grafted region, and the amount of callus tissue that has developed 
and the degree of substitution of the graft are assessed. 

Frozen and freeze-dried bone were investigated and compared with fresh autograft and with a 
variety of types of macerated bone. The grafts were all studied histologically fifteen days after their 
insertion, by which time the graft area had become vascularised and a certain amount of callus (that is, 
reactive host bone) had developed. It surprises the present reviewer that the suitability of a material 
for bone grafting can be assessed on the basis of a period as short as fifteen days, but, on the basis of 


treated with 20 per cent aqueous hydrogen peroxide, and subsequently defatted and sterilised by 
treatment with ether vapour, is a suitable grafting material, and that it compares favourably with 
fresh autograft bone. Prolonged maceration of the graft material with agents such as peptone water, 
antiformin, or 3 per cent sodium hydroxide solution, appeared to have a deleterious effect on the 
biological response. Bauermeister therefore suggests hydrogen peroxide treated bone—specifically 
calf, pig or ox bone—for clinical use, and the preparation of such material for this purpose is described 
in detail. 

The work described is of great interest to all those concerned with fundamental studies on bone 
grafts: ether vapour extraction appears to be a new method of bone sterilisation, while the adoption 
of objective histological criteria for the comparison of different types of bone grafting material is most 
desirable. To the present reviewer, however, it would appear important to have information, both 
experimental and clinical, on the long-term results obtained with hydrogen peroxide treated bone in 
various types of grafting procedure before unreservedly recommending its general use.—H. A. SISSONS. 
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\lustrating Medicine and Surgery. By Margaret C. McLarty, D.A.(Edin.), Founder Member, Medical 
Artists’ Association of Great Britain; Member, Association of Medical Illustrators (U.S.A.); 
Artist, United Oxford Hospitals. With a foreword by Sir Robert MaAcintosH, M.A., D.M., 
F.R.C.S.(Edin.), D.A. 10 x 7$in. Pp. viii+ 159, with 178 figures, many in colour. 1960. Edinburgh 
and London: E. & S. Livingstone Ltd. Price 37s. 6d. 


Should we regard medical art as a branch of art or merely as a craft ancillary to science? The 
‘nswer to this question would ‘involve lengthy debate which, carried to its extreme, might be 
inprofitable. Nevertheless, one would like to venture part of the way. Sir Kenneth Clark in a recent 
irticle (Cornhill Magazine—Centenary Number, Autumn 1960, p. 307) defines “ visual art” as 
‘everything made in response to the feeling that certain events or objects of contemplation, seen or 
magined, are so important that they must be recorded; and that certain objects of use are so important 
‘hat they must be enriched.” These two aspects he referred to as image and ornament. In the first 
sir Kenneth would doubtless include the interpretative functions of art which are not restricted to 
he Good, the True or the Beautiful; yet the idea of aesthetic is implicit and involves spiritual vitality 
ind sensibility. Great artists of the past have never shirked their illustrative or interpretative functions 
and, both in the realms of the visible and the imaginative, their success has depended upon the extent 
‘o which they have been moved by the wishes of their patrons in architecture, sculpture or painting. 
How does all this fit in with the cold exactness of scientific need? In medical illustration there is little 
use for the imaginative artist, although there is much use for his inventiveness. In scientific illustration 
there may often be found a gradation from the psychologically moving drawing which is exact, down 
to machine-made dullness; and from this one may pass in stages to the moving realism of a photograph. 
This matter of emotion in medical illustration is not entirely to be scorned. Some people get a thrill 
from study of the graphic analysis of statistical data: on the contrary there are others whose displeasure in 
such presentations is similar to the revulsion which may be aroused by certain types of painting, and 
for the same reason that the language is one which is not understood. For myself | am moved when 
| see the drawings made by a surgeon in the warmth of achievement after operating. Such an artist 
is Mr E. L. Farquharson of Edinburgh whose drawings of the removal of a medial sermmilunar cartilage 
are included in Miss McLarty’s book and from which nothing has been gained in the more refined 
drawings which she has produced for publication. 

It must be admitted that to-day there is great dullness (exactness it may be) in medical illustrations, 
which to a large extent are machine made with all the aids that manufactured gadgets can provide 
and which lead to a sadly stereotyped uniformity. In saying this I do not intend to decry the great 
work which Miss McLarty has undertaken in attempting to fill a real need in a field which has been 
relatively neglected in Great Britain. The neglect has not been only in the extent to which medical 
illustration is used but in the very poor rewards that are offered to people who, whatever one may 
think about art, are skilled craftsmen. 

Miss McLarty makes some claims for modern illustrative art which are scarcely justified when 
she implies that modern technique.in draughtsmanship has advanced in the twentieth century. The real 
advance, if any, has been in the materials and techniques used in reproduction, particularly in paper 
manufacture and the processes of printing. One realises that Max Brédel achieved great feats of 
verisimilitude in his work for Spalteholz (not Spaltzholtz) and later in America. The only real advances 
in the techniques of modern medical illustration have been in bulk and ease of achievement, from 
the use of many aids above referred to. It would be salutary for anybody who thinks otherwise to 
look at the notable drawings of dissections by Gerard de Lairesse in Bidloo’s Anatomia (1685) (the 
plates for which were pirated by Cowper (1698) and were so greatly enhanced by his excellent English 
_text). The verisimilitude and clarity are quite startling; even to the fly on the dissecting room table. 
What illustrations of the human skeleton can rival those by V er Gucht (1733) in Cheseldon’s 
work? What is more perfect than the work of the artists who under William Hunter's supervision (1774) 
drew the illustrations of the human gravid uterus? Simplicity in drawing is claimed as an advance in 
modern medical art. Nothing could be simpler, or tell a story more delightfully in such few lines, 
than the fourteenth century drawing which Miss McLarty includes as Figure |. For anatomical 
Simplicity modern illustrators would do well to go back to the work of Eustachius (1520-1573), 
contemporary of Vesalius (1514-1564), whose drawings (even more accurate than those of Vesalius 
himself) should cause him to be mentioned with Leonardo (1452-1519) as one of the three great 
anatomists of the early sixteenth century upon whose work is based modern scientific anatomy. 
Incidentally Miss McLarty is wrong in suggesting that Vesalius published his Fabrica at the end of 
the sixteenth century; actually the first edition was printed in 1543 and his artist was Jan van Calcar. 
Miss McLarty rightly emphasises the importance of simplicity; nevertheless much modern medical 
line drawing, with its lack of linear variation, does not always take advantage of the possibilities 
which are commonly demonstrated by the great draughtsmen: undue reliance is given to the various 
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forms of shading and stippling which necessarily depart from this ideal of simplicity. Actually i: 
Miss McLarty’s own work there is much more variation of line density than is to be found elsewhere 
and she does include a beautiful example of draughtsmanship by Miss Audrey Arnott who illustrate . 
a child suffering from choreo-athetosis in a way that is quite moving and accurate: in fact, a pictur - 
which it would be almost impossible to obtain by photography (Fig. 142). Miss McLarty shows we 
one of the functions of the medical illustrator who by analytic simplification can reduce the confusio . 
in material obtained by photography; also that much more can be achieved by drawings, often of 
composite character of operative and other procedures, than would be possible for the photographe: 


Miss McLarty’s book should be in the hands of everybody who is interested in the problems c ° 


medical illustration. In its next edition it might well be somewhat enlarged, particularly with mor : 


& *) 


Fic. 142 


Nothing is so difficult to record as continuous movement. This picture manages to convey the jerky, shaking 
type of movement from which this little girl was suffering. (Drawn for the Department of Paediatrics, Radcliffe 
Infirmary, Oxford.) 


information about lantern slides (good and bad), with the addition of more by Mr James Parker 
who has written a chapter principally upon the problems of reproduction and printing. This book 
emphasises what Mr Parker himself has stressed: that successful reproduction of medical illustrations 
is the result of teamwork by the author, publisher, artist, photographer, engraver, printer and paper 
maker. 

Although the book is designed both for the medical author and for the prospective lay student 
of medical illustration, one would think it not necessary to write down to the level of the layman as is 
occasionally done. One of the great virtues of the book is that it will present to medical writers not 
only what is required in materials and equipment by the medical illustrator but also the need for the 
understanding. and co-operation that he merits. Might it not also be a good plan to emphasise to all 
those who are hoping to be medical illustrators that they should, for the sake of sanity, maintain 
their own interest and competence in the imaginative aspects of pure art?—-Norman CAPENER. 
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Outline of Fractures. By John Crawford Apams, M.D.(London), F.R.C.S.(England), Consultant 
Orthopaedic Surgeon, St Mary’s Hospital, London, and St Vincent’s Orthopaedic Hospital, 
Pinner; Assistant Editor, Journal of Bone and Joint Surgery. Third edition. 8}? x 6in. Pp. viii+ 268, 
with 241 figures. Index. 1960. Edinburgh and London: E. & S. Livingstone Ltd. Price 27s. 6d. 


The third edition of this book, which was first published in 1956, contains only a few changes 
rom the second edition, which appeared two years ago. Several illustrations have been replaced by 
learer examples, and in places the text has been revised. The most noteworthy of these is the fuller 
‘escription of wound treatment in dealing with compound fractures. There is also an up-to-date 
evision of the treatment of non-union of the carpal scaphoid fracture. These additions and alterations 
ave been made without enlarging the book. It remains the ideal reference book for house surgeons, 
asualty officers and registrars in charge of fracture patients.—L. W. PLewes. 


Janual of Hand Injuries. By H. Minor Nicuois, M.D., Clinical Instructor in Surgery, University 
of Oregon Medical School, Portland. With a foreword by Michael L. Mason, M.D. Second 
edition. 9 x 64 in. Pp. 400, with 205 figures. Index. 1960. Chicago: The Year Book Publishers Inc. 
Distributed in the United Kingdom by Interscience Publishers Ltd. Price 83s. 


The first edition of this book was published in !955, and the second edition, which has just arrived, 
has been enlarged by forty-eight pages and twenty-five figures. There is a new chapter on Crush Injuries 
of the Hand, and colour has been introduced in the anatomical charts. There is a useful discussion on 
doctor-patient relationship, which applies more to American practice than to British usage. One of the 
most useful new illustrations shows a gangrenous finger following digital block anaesthesia for operation 
on paronychia. Several noticeable omissions include Sudeck’s atrophy and the value of supination in 
maintaining the reduction of a Smith’s fracture. Unfortunately, the chapter on Infection is still well 
below the standard of the rest of the text. Such out-of-date treatment as hot, moist packs, and hockey- 
stick and fish-mouth incisions, are still described; and modern methods of slough excision in dealing 
with whitlows are not mentioned. The high standard of presentation is maintained in this second 
edition.—L. W. PLEweEs. 
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